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(54) Six speed dual-clutch transmissions having planetary gear sets with three interconnected 
members 



(57) The family of transmissions has a plurality of 
members that can be utilized in powertrains to provide 
at least six forward speed ratio and one reverse speed 
ratio. The transmission family members include four 
planetary gear sets (20,30,40,60), two input clutches 
(62,63), seven oreighttorque transmitting mechanisms, 
three fixed interconnections (49,72,74), and one 
grounded planetary gear member (57). The invention 
provides a low content multi-speed dual clutch transmis- 



sion mechanism wherein the two input clutches (62,63) 
alternately connect the engine to realize odd and even 
number speed ratio ranges. The torque transmitting 
mechanisms provide connections between various gear 
members, the fixed interconnections (49,72,74), the in- 
put clutches (62,63), the output shaft (76), and the trans- 
mission housing (80), and are operated in combinations 
of three to establish at least five forward speed ratios 
and at least one reverse speed ratio. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to a family of 
power transmissions having two input clutches which 
selectively connect an input shaft to first and second 
pairs of planetary gear sets to provide at least five for- 
ward speed ratios and one reverse speed ratio. 

BACKGROUND OF THE INVENTION 

[0002] Passenger vehicles include a powertrain that 
is comprised of an engine, multi-speed transmission, 
and a differential or final drive. The multi-speed trans- 
mission increases the overall operating range of the ve- 
hicle by permitting the engine to operate through its 
torque range a number of times. 
[0003] A primary focus of transmission and engine de- 
sign work is in the area of increasing vehicle fuel effi- 
ciency. Manual transmissions typically provide im- 
proved vehicle fuel economy over automatic transmis- 
sions because automatic transmissions use a torque 
converter for vehicle launch and multiple plate hydrau- 
lically-applied clutches for gear engagement. Clutches 
of this type, left unengaged or idling, impose a parasitic 
drag torque on a drive line due to the viscous shearing 
action which exists between the plates and discs rotat- 
ing at different speeds relative to one another. This drag 
torque adversely affects vehicle fuel economy for auto- 
matic transmissions. Also, the hydraulic pump that gen- 
erates the pressure needed for operating the above-de- 
scribed clutches further reduces fuel efficiency associ- 
ated with automatic transmissions. Manual transmis- 
sions eliminate these problems. 
[0004] While manual transmissions are not subject to 
the above described fuel efficiency related problems, 
manual transmissions typically provide poor shift quality 
because a significant torque interruption is required dur- 
ing each gear shift as the engine is disengaged from the 
transmission by the clutch to allow shafts rotating at dif- 
ferent speeds to be synchronized. 
[0005] So called "automated manual" transmissions 
provide electronic shifting in a manual transmission con- 
figuration which, in certain circumstances, improves fuel 
efficiency by eliminating the parasitic losses associated 
with the torque converter and hydraulic pump needed 
for clutching. Like manual transmissions, a drawback of 
automated manual transmissions is that the shift quality 
is not as high as an automatic transmission because of 
the torque interruption during shifting. 
[0006] So called "dual-clutch automatic" transmis- 
sions also eliminate the torque converter and replace 
hydraulic clutches with synchronizers but they go further 
to provide gear shift quality which is superior to the au- 
tomated manual transmission and similar to the conven- 
tional automatic transmission, which makes them quite 
attractive. However, most known dual-clutch automatic 



transmissions include a lay shaft or countershaft gear 
arrangement, and have not been widely applied in ve- 
hicles because of their complexity, size and cost. For 
example, a dual clutch lay shaft transmission could re- 

5 quire eight sets of gears, two input/shift clutches and 
seven synchronizers/dog clutches to provide six forward 
speed ratios and a reverse speed ratio. An example of 
a dual-clutch automatic transmission is described in U. 
S. Patent Number 5,385,064, which is hereby incorpo- 

10 rated by reference. 

SUMMARY OF THE INVENTION 

[0007] The invention provides a low content multi- 

*5 speed dual-clutch transmission family utilizing planetary 
gear sets rather than lay shaft gear arrangements. In 
particular, the invention includes four planetary gear 
sets, two input/shift clutches, and eight selectable 
torque transmitting mechanisms to provide at least six 

20 forward speed ratios and a reverse speed ratio. 

[0008] According to one aspect of the invention, the 
family of transmissions has four planetary gear sets, 
each of which includes a first, second and third member, 
which members may comprise a sun gear, ring gear, or 

25 a planet carrier assembly member. 

[0009] In referring to the first, second, third and fourth 
gear sets in this description and in the claims, these sets 
may be counted "first" to "fourth" in any order in the 
drawings (i.e. left-to -right, right-to-left, etc.). 

30 [0010] In another aspect of the present invention, 
each of the planetary gear sets may be of the single pin- 
ion type or of the double pinion type. 
[0011] In yet another aspect of the present invention, 
the first member of the first planetary gear set is contin- 

35 uously connected with the first member of the second 
planetary gear set through a first interconnecting mem- 
ber. 

[0012] In yet another aspect of the present invention, 
the second member of the first planetary gear set is con- 
40 tinuously connected with the second member of the sec- 
ond planetary gear set through a second interconnect- 
ing member. 

[0013] In yet another aspect of the present invention, 
a member of the first or second planetary gear set is 
45 conti nuously connected with the first member of the third 
planetary gear set and the output shaft through a third 
interconnecting member. 

[0014] In yet another aspect of the present invention, 
the first member of the fourth planetary gear set is con- 
so tinuously connected with a stationary member (trans- 
mission housing). 

[0015] In accordance with a further aspect of the in- 
vention, a first input clutch selectively connects the input 
shaft with members of the first or second planetary gear 
55 set through other torque-transmitting mechanisms, 
such as rotating synchronizers. 
[0016] In accordance with another aspect of the 
present invention, a second input clutch selectively con- 
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nects the input shaft with the second member of the third 
planetary gear set. 

[0017] In another aspect of the invention, first and 
second torque transmitting mechanisms, such as rotat- 
ing synchronizers, selectively connect members of the s 
first or second planetary gear sets with the first input 
clutch. 

[0018] In still a further aspect of the invention, third, 
fourth and fifth torque transmitting mechanisms, such 
as rotating synchronizers, selectively connect members 
of the third planetary gear set with second and third 
members of the fourth planetary gear set. 
[0019] In still another aspect of the invention, sixth 
and seventh torque transmitting mechanisms, such as 
braking synchronizers, selectively connect members of 
the first or second planetary gear set, that are not con- 
tinuously connected with the output shaft, with the sta- 
tionary member. 

[0020] in still another aspect of the invention, an 
eighth torque-transmitting mechanism, such as a rotat- 
ing synchronizer, selectively connects a member of the 
first or second planetary gear set with another member 
of the first or second planetary gear set or with the first 
input clutch. Alternatively, an eighth torque-transmitting 
mechanism, such as a braking synchronizer, selectively 
connects a member of the first or second planetary gear 
set with the stationary member. 

[0021] In accordance with a further aspect of the in- 
vention, the input clutches and torque transmitting 
mechanisms are selectively engaged in combinations 
of at least three to provide at least six forward speed 
ratios and a reverse speed ratio. 
[0022] In accordance with a further aspect of the in- 
vention, the eight torque transmitting mechanisms may 
comprise synchronizers. 

[0023] In accordance with a further aspect of the in- 
vention, the first input clutch is applied for odd number 
speed ranges, and the second input clutch is applied for 
even number speed ranges, or vice versa. 
[0024] In another aspect of the invention, the first in- 
put clutch and the second input clutch are interchanged 
(i.e. alternately engaged) to shift from odd number 
speed range to even number speed range, or vice versa. 
[0025] In accordance with a further aspect of the in- 
vention, each selected torque transmitting mechanism 
for a new speed ratio is engaged prior to shifting of the 
input clutches to achieve shifts without torque interrup- 
tions. 

[0026] In accordance with a further aspect of the in- 
vention, at least one pair of synchronizers is executed 
as a double synchronizer to reduce cost and package 
size. 

[0027] In accordance with a further aspect of the in- 
vention, the first input clutch and the first and second 
synchronizers can be replaced with two input clutches 
to further reduce content. 

[0028] In accordance with a further aspect of the in- 
vention, at least one of the torque transmitting mecha- 



nisms can be eliminated to realize five forward speed 
ratios and a reverse speed ratio. 
[0029] The above objects, features, advantages, and 
other objects, features, and advantages of the present 
invention are readily apparent from the following de- 
tailed description of the best modes for carrying out the 
invention when taken in connection with the accompa- 
nying drawings. 



[0030] FIGURE 1 a is a schematic representation of a 
powertrain including a planetary transmission incorpo- 
rating a family member of the present invention; 
[0031] FIGURE 1b is a truth table and chart depicting 
some of the operating characteristics of the powertrain 
shown in Figure 1 a; 

[0032] FIGURE 2a is a schematic representation of a 
powertrain having a planetary transmission incorporat- 
ing another family member of the present invention; 
[0033] FIGURE 2b is a truth table and chart depicting 
some of the operating characteristics of the powertrain 
shown in Figure 2a; 

[0034] FIGURE 3a is a schematic representation of a 
powertrain having a planetary transmission incorporat- 
ing another family member of the present invention; 
[0035] FIGURE 3b is a truth table and chart depicting 
some of the operating characteristics of the powertrain 
shown in Figure 3a; 

[0036] FIGURE 4a is a schematic representation of a 
powertrain having a planetary transmission incorporat- 
ing another family member of the present invention; * 
[0037] FIGURE 4b is a truth table and chart depicting 
some of the operating characteristics of the powertrain 
shown in Figure 4a; 

[0038] FIGURE 5a is a schematic representation of a 
powertrain having a planetary transmission incorporat- 
ing another family member of the present invention; 
[0039] FIGURE 5b is a truth table and chart depicting 
some of the operating characteristics of the powertrain 
shown in Figure 5a; 

[0040] FIGURE 6a is a schematic representation of a 
powertrain having a planetary transmission incorporat- 
ing another family member of the present invention; 
[0041] FIGURE 6b is a truth table and chart depicting 
some of the operating characteristics of the powertrain 
shown in Figure 6a; 

[0042] FIGURE 7a is a schematic representation of a 
powertrain having a planetary transmission incorporat- 
ing another family member of the present invention; 
[0043] FIGURE 7b is a truth table and chart depicting 
some of the operating characteristics of the powertrain 
shown in Figure 7a; 

[0044] FIGURE 8a is a schematic representation of a 
powertrain having a planetary transmission incorporat- 
ing another family member of the present invention; 
[0045] FIGURE 8b is a truth table and chart depicting 
some of the operating characteristics of the powertrain 
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shown in Figure 8a; 

[0046] FIGURE 9a is a schematic representation of a 
powertrain having a planetary transmission incorporat- 
ing another family member of the present invention; and 
[0047] FIGURE 9b is a truth table and chart depicting 
some of the operating characteristics of the powertrain 
shown in Figure 9a. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0048] Referring to the drawings, wherein like charac- 
ters represent the same or corresponding parts through- 
out the several views, there is shown in Figure 1 a a pow- 
ertrain 1 0 having a conventional engine 12, a planetary 
transmission 14, and a conventional final drive mecha- 
nism 16. 

[0049] The planetary transmission 14 includes an in- 
put shaft 17 continuously connected with the engine 12, 
a planetary gear arrangement 18, and an output shaft 
19 continuously connected with the final drive mecha- 
nism 16. The planetary gear arrangement 18 includes 
four planetary gear sets 20, 30, 40 and 50. 
[0050] The planetary gear set 20 includes a sun gear 
member 22, a ring gear member 24, and a planet carrier 
assembly member 26. The planet carrier assembly 
member 26 includes a plurality of intermeshing pinion 
gears 27, 28 rotatably mounted on a carrier member 29 
and disposed in meshing relationship with the ring gear 
member 24 and the sun gear member 22, respectively. 
[0051] The planetary gear set 30 includes a sun gear 
member 32, a ring gear member 34, and a planet carrier 
assembly member 36. The planet carrier assembly 
member 36 includes a plurality of pinion gears 37 rotat- 
ably mounted on a carrier member 39 and disposed in 
meshing relationship with both the sun gear member 32 
and the ring gear member 34. 

[0052] The planetary gear set 40 includes a sun gear 
member 42, a ring gear member 44, and a planet carrier 
assembly member 46. The planet carrier assembly 
member 46 includes a plurality of pinion gears 47 rotat- 
ably mounted on a carrier member 49 and disposed in 
meshing relationship with both the sun gear member 42 
and the ring gear member 44. 

[0053] The planetary gear set 50 includes a sun gear 
member 52, a ring gear member 54, and a planet carrier 
assembly member 56. The planet carrier assembly 
member 56 includes a plurality of pinion gears 57 rotat- 
ably mounted on a carrier member 59 and disposed in 
meshing relationship with both the sun gear member 52 
and the ring gear member 54. 

[0054] As a result of the dual clutch arrangement of 
the invention, the four planetary gear sets 20, 30, 40 and 
50 are divided into first and second transmission sub- 
sets 60, 61 which are alternatively engaged to provide 
odd number and even number speed ranges, respec- 
tively. Transmission subset 60 includes planetary gear 
sets 20 and 30, and transmission subset 61 includes 



planetary gear sets 40 and 50. The output shaft 19 is 
continuously connected with members of both subsets 
60 and 61. 

[0055] As mentioned above, the first and second input 
5 clutches 62, 63 are alternatively engaged for transmit- 
ting power from the input shaft 1 7 to transmission subset 
60 or transmission subset 61 . The first and second input 
clutches 62, 63 are controlled electronically, and the dis- 
engaged input clutch is gradually engaged while the en- 

10 gaged input clutch is gradually disengaged to facilitate 
transfer of power from one transmission subset to an- 
other. In this manner, shift quality is maintained, as in 
an automatic transmission, while providing better fuel 
economy because no torque converter is required, and 

1* hydraulics associated with "wet" clutching are eliminat- 
ed. All speed ratios are preselected within the transmis- 
sion subsets 60, 61 prior to engaging the respective in- 
put clutches 62, 63. The preselection is achieved by 
means of electronically controlled synchronizers. As 

20 shown, the planetary gear arrangement includes eight 
torque transmitting mechanisms 64, 65, 66, 67, 68, 69, 
70 and 71 . The torque transmitting mechanisms 64, 65 
and 66 comprise braking synchronizers, and the torque 
transmitting mechanisms 67, 68, 69, 70 and 71 com- 

25 prise rotating synchronizers. 

[0056] The braking synchronizers and rotating syn- 
chronizers are referenced in the claims as follows: first 
and second torque transmitting mechanisms 67, 68; 
third, fourth and fifth torque transmitting mechanisms 

30 69, 70, 71 ; and sixth, seventh and eighth torque trans- 
mitting mechanisms 64, 65, 66. Other family members 
are similarly referenced in the claims (i.e. rotating syn- 
chronizers generally in order of planetary gear sets from 
left to right in Figures, and braking synchronizers gen- 

35 erally in order of planetary gear sets from left to right in 
Figures). 

[0057] By way of example, synchronizers which may 
be implemented as the rotating and/or braking synchro- 
nizers referenced herein are shown in the following pat- 
40 ents, each of which are incorporated by reference in 
their entirety: U.S. Patent Numbers 5,651,435; 
5,975,263; 5,560,461; 5,641,045; 5,497,867; 
6,354,416. 

[0058] Accordingly, the input shaft 17 is alternately 
connected with the first and second transmission sub- 
sets 60, 61 (i.e. through the clutch 62 to synchronizers 
67, 68 and through the clutch 63 to the sun gear member 
42). The sun gear member 22 is continuously connected 
with the ring gear member 34 through the interconnect- 

50 mg member 72. The planet carrier assembly member 
26 is continuously connected with the sun gear member 
32 through the interconnecting member 74. The planet 
carrier assembly member 46 is continuously connected 
with the planet carrier assembly member 36 and the out- 

55 put shaft 19 through the interconnecting member 76. 
The planet carrier assembly member 56 is continuously 
connected with the transmission housing 80. 
[0059] The ring gear member 24 is selectively con- 
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nectable with the transmission housing 80 through the 
braking synchronizer 64. The ring gear member 34 is 
selectively connectable with the transmission housing 
80 through the braking synchronizer 65. The planet car- 
rier assembly member 26 is selectively connectable with 
the transmission housing 80 through the braking syn- 
chronizer 66. The ring gear member 24 is selectively 
connectable with the input shaft 1 7 through the rotating 
synchronizer 67 and the input clutch 62. The sun gear 
member 32 is selectively connectable with the input 
shaft 17 through the rotating synchronizer 68 and the 
input clutch 62. The ring gear member 44 is selectively 
connectable with the ring gear member 54 through the 
rotating synchronizer 69. The ring gear member 44 is 
selectively connectable with the sun gear member 52 
through the rotating synchronizer 70. The planet carrier 
assembly member 46 is selectively connectable with the 
ring gear member 54 through the rotating synchronizer 
71. 

[0060] As shown in Figure 1b, and in particular the 
truth table disclosed therein, the input clutches and 
torque transmitting mechanisms are selectively en- 
gaged in combinations of three to provide six forward 
speed ratios and a reverse speed ratio. 
[0061 ] The reverse speed ratio is established with the 
engagement of the input clutch 62, the braking synchro- 
nizer 64 and the rotating synchronizer 68. The input 
clutch 62 and the rotating synchronizer 68 connect the 
sun gear member 32 to the input shaft 17. The braking 
synchronizer 64 connects the ring gear member 24 to 
the transmission housing 80. The sun gear member 22 
rotates at the same speed as the ring gear member 34. 
The planet carrier assembly member 26 and the sun 
gear member 32 rotate at the same speed as the input 
shaft 1 7. The ring gear member 24 does not rotate. The 
sun gear member 22 rotates at a speed determined from 
the speed of the planet carrier assembly member 26 and 
the ring gear/sun gear tooth ratio of the planetary gear 
set 20. The planet carrier assembly member 36 and the 
planet carrier assembly member 46 rotate at the same 
speed as the output shaft 1 9. The planet carrier assem- 
bly member 36, and therefore the output shaft 19, ro- 
tates at a speed determined from the speed of the ring 
gear member 34, the speed of the sun gear member 32 
and the ring gear/sun gear tooth ratio of the planetary 
gear set 30. The numerical value of the reverse speed 
ratio is determined utilizing the ring gear/sun gear tooth 
ratios of the planetary gear sets 20, 30. 
[0062] The first forward speed ratio is established with 
the engagement of the input clutch 63 and the rotating 
synchronizers 70, 71 . The input clutch 63 connects the 
sun gear member 42 to the input shaft 17. The rotating 
synchronizer 70 connects the ring gear member 44 to 
the sun gear member 52. The rotating synchronizer 71 
connects the planet carrier assembly member 46 to the 
ring gear member 54. The sun gear member 42 rotates 
at the same speed as the input shaft 1 7. The planet car- 
rier assembly member 46 and the ring gear member 54 



rotate at the same speed as the output shaft 19. The 
ring gear member 44 rotates at the same speed as the 
sun gear member 52 . The planet carrier assembly mem- 
ber 46, and therefore the output shaft 19, rotates at a 

5 speed determined from the speed of the ring gear mem- 
ber 44, the speed of the sun gear member 42 and the 
ring gear/sun gear tooth ratio of the planetary gear set 
40. The planet carrier assembly member 56 does not 
rotate. The ring gear member 54 rotates at a speed de- 

10 termined from the speed of the sun gear member 52 and 
the ring gear/sun gear tooth ratio of the planetary gear 
set 50. The numerical value of the first forward speed 
ratio is determined utilizing the ring gear/sun gear tooth 
ratios of the planetary gear sets 40, 50. 

15 [0063] The second forward speed ratio is established 
with the engagement of the input clutch 62, the braking 
synchronizer 65 and the rotating synchronizer 68. The 
input clutch 62 and the rotating synchronizer 68 connect 
the sun gear member 32 to the input shaft 1 7. The brak- 

20 ing synchronizer 65 connects the ring gear member 34 
to the transmission housing 80. The sun gear member 
32 and the planet carrier assembly member 26 rotate at 
the same speed as the input shaft 1 7. The planet carrier 
assembly member 36 and the planet carrier assembly 

25 member 46 rotate at the same speed as the output shaft 
1 9. The sun gear member 22 and the ring gear member 
34 do not rotate. The planet carrier assembly member 
36, and therefore the output shaft 1 9, rotates at a speed 
determined from the speed of the sun gear member 32 

30 and the ring gear/sun gear tooth ratio of the planetary 
gear set 30. The numerical value of the second forward 
speed ratio is determined utilizing the ring gear/sun gear 
tooth ratio of the planetary gear set 30. 
[0064] The third forward speed ratio is established 

35 with the engagement of the input clutch 63 and the ro- 
tating synchronizers 69, 70. The input clutch 63 con- 
nects the sun gear member 42 to the input shaft 1 7. The 
rotating synchronizer 69 connects the ring gear member 
44 to the ring gear member 54. The rotating synchroniz- 

40 er 70 connects the ring gear member 44 to the sun gear 
member 52. The sun gear member 42 rotates at the 
same speed as the input shaft 1 7. The planet carrier as- 
sembly member 46 rotates at the same speed as the 
output shaft 1 9. The ring gear member 44 and the plan- 

45 etary gear set 50 do not rotate. The planet carrier as- 
sembly member 46, and therefore the output shaft 19, 
rotates at a speed determined from the speed of the sun 
gear member 42 and the ring gear/sun gear tooth ratio 
of the planetary gear set 40. The numerical value of the 

so third forward speed ratio is determined utilizing the ring 
gear/sun gear tooth ratio of the planetary gear set 40. 
[0065] The fourth forward speed ratio is established 
with the engagement of the input clutch 62, the braking 
synchronizer 65 and the rotating synchronizer 67. The 

55 input clutch 62 and the rotating synchronizer 67 connect 
the ring gear member 24 to the input shaft 1 7. The brak- 
ing synchronizer 65 connects the ring gear member 34 
to the transmission housing 80. The sun gear member 
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22 and the ring gear member 34 do not rotate. The plan- 
et carrier assembly member 26 rotates at the same 
speed as the sun gear member 32. The ring gear mem- 
ber 24 rotates at the same speed as the input shaft 1 7. 
The planet carrier assembly member 26 rotates at a 
speed determined from the speed of the ring gear mem- 
ber 24 and the ring gear/sun gear tooth ratio of the plan- 
etary gear set 20. The planet carrier assembly member 
36 and the planet carrier assembly member 46 rotate at 
the same speed as the output shaft 1 9. The planet car- 
rier assembly member 36, and therefore the output shaft 
1 9, rotates at a speed determined from the speed of the 
sun gear member 32 and the ring gear/sun gear tooth 
ratio of the planetary gear set 30. The numerical value 
of the fourth forward speed ratio is determined utilizing 
the ring gear/sun gear tooth ratios of the planetary gear 
sets 20, 30. 

[0066] The fifth forward speed ratio is established with 
the engagement of the input clutch 63 and the rotating 
synchronizers 69, 71. In this configuration, the input 
shaft 1 7 Is directly connected to the output shaft 1 9. The 
numerical value of the fifth forward speed ratio is 1 . 
[0067] The sixth forward speed ratio is established 
with the engagement of the input clutch 62, the braking 
synchronizer 66 and the synchronizer 67. The input 
clutch 62 and the synchronizer 67 connect the ring gear 
member 24 to the input shaft 17. The braking synchro- 
nizer 66 connects the planet carrier assembly member 
26 to the transmission housing 80. The sun gear mem- 
ber 22 rotates at the same speed as the ring gear mem- 
ber 34. The planet carrier assembly member 26 and the 
sun gear member 32 do not rotate. The ring gear mem- 
ber 24 rotates at the same speed as the input shaft 1 7. 
The sun gear member 22 rotates at a speed determined 
from the speed of the ring gear member 24 and the ring 
gear/sun gear tooth ratio of the planetary gear set 20. 
The planet carrier assembly member 36 and the planet 
carrier assembly member 46 rotate at the same speed 
as the output shaft 19. The planet carrier assembly 
member 36, and therefore the output shaft 19, rotates 
at a speed determined from the speed of the ring gear 
member 34 and the ring gear/sun gear tooth ratio of the 
planetary gear set 30. The numerical value of the sixth 
forward speed ratio is determined utilizing the ring gear/ 
sun gear tooth ratios of the planetary gear sets 20, 30. 
[0068] As set forth above, the engagement schedule 
for the torque transmitting mechanisms is shown in the 
truth table of Figure 1 b. This truth table also provides an 
example of speed ratios that are available utilizing the 
ring gear/sun gear tooth ratios given by way of example 
in Figure 1b. The R1/S1 value is the tooth ratio of the 
planetary gear set 20; the R2/S2 value is the tooth ratio 
of the planetary gear set 30; the R3/S3 value is the tooth 
ratio of the planetary gear set 40; and the R4/S4 value 
is the tooth ratio of the planetary gear set 50. Also, the 
chart of Figure 1b describes the ratio steps that are at- 
tained utilizing the sample of tooth ratios given. For ex- 
ample, the step ratio between first and second forward 



speed ratios is 1 .68, while the step ratio between the 
reverse and first forward ratio is -0.63. Those skilled in 
the art will recognize that since torque transmitting 
mechanisms 64 and 66 are connected to a common 
5 member, transmission housing 80, and they are not ap- 
plied at the same time for any of the speed ratios, the 
pair can be executed as a double synchronizer to reduce 
content and cost. Similarly, torque transmitting mecha- 
nisms pair 67 and 68 can be executed as a double syn- 
chronizer. 

[0069] Figure 2a shows a powertrain 110 having a 
conventional engine 12, a planetary transmission 114, 
and a conventional final drive mechanism 1 6. The plan- 
etary transmission 114 includes an input shaft 17 con- 
nected with the engine 12, a planetary gear arrange- 
ment 118, and an output shaft 19 connected with the 
final drive mechanism 16. The planetary gear arrange- 
ment 118 includes four planetary gear sets 120, 130, 
140 and 150. 

[0070] The planetary gear set 1 20 includes a sun gear 
member 1 22, a ring gear member 1 24, and a planet car- 
rier assembly member 1 26. The planet carrier assembly 
member 126 includes a plurality of intermeshing pinion 
gears 127, 128 rotatably mounted on a carrier member 
129 and disposed in meshing relationship with the ring 
gear member 124 and the sun gear member 122, re- 
spectively. 

[0071 ] The planetary gear set 1 30 includes a sun gear 
member 1 32, a ring gear member 1 34, and a planet car- 
rier assembly member 1 36. The planet carrier assembly 
member 136 includes a plurality of pinion gears 137 ro- 
tatably mounted on a carrier member 1 39 and disposed 
in meshing relationship with both the sun gear member 
132 and the ring gear member 134. 
[0072] The planetary gear set 1 40 includes a sun gear 
member 1 42, a ring gear member 1 44, and a planet car- 
rier assembly member 1 46. The planet carrier assembly 
member 146 includes a plurality of pinion gears 147 ro- 
tatably mounted on a carrier member 149 and disposed 
in meshing relationship with both the sun gear member 
142 and the ring gear member 144. 
[0073] The planetary gear set 150 includes a sun gear 
member 152, a ring gear member 1 54, and a planet car- 
rier assembly member 1 56. The planet carrier assembly 
member 156 includes a plurality of intermeshing pinion 
gears 157, 158 rotatably mounted on a carrier member 
159 and disposed in meshing relationship with the ring 
gear member 154 and the sun gear member 152, re- 
spectively. 

[0074] As a result of the dual clutch arrangement of 
the invention, the four planetary gear sets 120, 130, 140 
and 150 are divided into first and second transmission 
subsets 160, 161 which are alternatively engaged to 
provide odd number and even number speed ranges, 
respectively. Transmission subset 160 includes plane- 
tary gear sets 120 and 130, and transmission subset 
161 includes planetary gear sets 140 and 150. The out- 
put shaft 1 9 is continuously connected with members of 
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' both subsets 160 and 161. 

[0075] As mentioned above, the first and second input 
clutches 162, 163 are alternatively engaged for trans- 
mitting power from the input shaft 17 to transmission 
subset 160 or transmission subset 161. The first and 
second input clutches 162, 163 are controlled electron- 
ically, and the disengaged input clutch is gradually en- 
gaged while the engaged input clutch is gradually dis- 
engaged to facilitate transfer of power from one trans- 
mission subset to another. In this manner, shift quality 
is maintained, as in an automatic transmission, while 
providing better fuel economy because no torque con- 
verter is required, and hydraulics associated with "wet" 
clutching are eliminated. All speed ratios are preselect- 
ed within the transmission subsets 160, 161 prior to en- 
gaging the respective input clutches 162, 163. The 
preselection is achieved by means of electronically con- 
trolled synchronizers. As shown, the planetary gear ar- 
rangement includes eight torque transmitting mecha- 
nisms 1 64, 1 65, 1 66, 1 67, 1 68, 1 69, 1 70 and 1 71 . The 
torque transmitting mechanisms 1 64, 1 65 and 1 66 com- 
prise braking synchronizers, and the torque transmitting 
mechanisms 167, 168, 169, 170 and 171 comprise ro- 
tating synchronizers. 

[0076] Accordingly, the input shaft 17 is alternately 
connected with the first and second transmission sub- 
sets 1 60, 1 61 (i.e. through the clutch 1 62 to synchroniz- 
ers 1 67, 1 68 and through the clutch 1 63 to the sun gear 
member 1 42). The sun gear member 1 22 is continuous- 
ly connected with the ring gear member 1 34 through the 
interconnecting member 1 72. The planet carrier assem- 
bly member 126 is continuously connected with the sun 
gear member 132 through the interconnecting member 
174. The planet carrier assembly member 146 is con- 
tinuously connected with the planet carrier assembly 
member 136 and the output shaft 19 through the inter- 
connecting member 176. The ring gear member 154 is 
continuously connected with the transmission housing 
180. 

[0077] The ring gear member 124 is selectively con- 
nectable with the transmission housing 180 through the 
braking synchronizer 1 64. The ring gear member 1 34 is 
selectively connectable with the transmission housing 
180 through the braking synchronizer 165. The planet 
carrier assembly member 1 26 is selectively connectable 
with the transmission housing 180 through the braking 
synchronizer 166. The ring gear member 124 is selec- 
tively connectable with the input shaft 17 through the 
input clutch 1 62 and the rotating synchronizer 1 67. The 
sun gear member 132 is selectively connectable with 
the input shaft 17 through the input clutch 162 and the 
rotating synchronizer 1 68. The ring gear member 1 44 is 
selectively connectable with the planet carrier assembly 
member 1 56 through the rotating synchronizer 1 69. The 
ring gear member 144 is selectively connectable with 
the sun gear member 1 52 through the rotating synchro- 
nizer 170. The planet carrier assembly member 146 is 
selectively connectable with the planet carrier assembly 



member 156 through the rotating synchronizer 171 . 
[0078] As shown in Figure 2b, and in particular the 
truth table disclosed therein, the input clutches and 
torque transmitting mechanisms are selectively en- 

5 gaged in combinations of three to provide six forward 
speed ratios and a reverse speed ratio. 
[0079] The reverse speed ratio is established with the 
engagement of the input clutch 162, the braking syn- 
chronizer 164 and the rotating synchronizer 168. The 

10 input clutch 1 62 and the rotating synchronizer 1 68 con- 
nect the sun gear member 1 32 to the input shaft 1 7. The 
braking synchronizer 164 connects the ring gear mem- 
ber 124 to the transmission housing 1 80. The sun gear 
member 1 22 rotates at the same speed as the ring gear 

15 member 134. The planet carrier assembly member 126 
and the sun gear member 1 32 rotate at the same speed 
as the input shaft 17. The ring gear member 124 does 
not rotate. The sun gear member 1 22 rotates at a speed 
determined from the speed of the planet carrier assem- 

20 bly member 126 and the ring gear/sun gear tooth ratio 
of the planetary gear set 1 20. The planet carrier assem- 
bly member 136 and the planet carrier assembly mem- 
ber 1 46 rotate at the same speed as the output shaft 1 9 . 
The planet carrier assembly member 1 36, and therefore 

25 the output shaft 1 9, rotates at a speed determined from 
the speed of the ring gear member 134, the speed of 
the sun gear member 132 and the ring gear/sun gear 
tooth ratio of the planetary gear set 130. The numerical 
value of the reverse speed ratio is determined utilizing 

30 the ring gear/sun gear tooth ratios of the planetary gear 
sets 120, 130. 

[0080] The first forward speed ratio is established with 
the engagement of the input clutch 1 63 and the rotating 
synchronizers 170, 171 . The input clutch 163 connects 

35 the sun gear member 1 42 to the input shaft 1 7. The ro- 
tating synchronizer 1 70 connects the ring gear member 
1 44 to the sun gear member 1 52. The rotating synchro- 
nizer 1 71 connects the planet carrier assembly member 
1 46 to the planet carrier assembly member 1 56. The sun 

40 gear member 1 42 rotates at the same speed as the input 
shaft 1 7. The planet carrier assembly member 1 46 and 
the planet carrier assembly member 156 rotate at the 
same speed as the output shaft 1 9. The ring gear mem- 
ber 1 44 rotates at the same speed as the sun gear mem- 

45 ber 152. The planet carrier assembly member 146, and 
therefore the output shaft 19, rotates at a speed deter- 
mined from the speed of the ring gear member 1 44, the 
speed of the sun gear member 142 and the ring gear/ 
sun gear tooth ratio of the planetary gear set 140. The 

50 ring gear member 154 does not rotate. The planet car- 
rier assembly member 156 rotates at a speed deter- 
mined from the speed of the sun gear member 1 52 and 
the ring gear/sun gear tooth ratio of the planetary gear 
set 150. The numerical value of the first forward speed 

55 ratio is determined utilizing the ring gear/sun gear tooth 
ratios of the planetary gear sets 140, 150. 
[0081 ] The second forward speed ratio is established 
with the engagement of the input clutch 1 62, the braking 
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synchronizer 165 and the rotating synchronizer 168. 
The input clutch 1 62 and the rotating synchronizer 1 68 
connect the sun gear member 1 32 to the input shaft 1 7. 
The braking synchronizer 165 connects the ring gear 
member 134 to the transmission housing 180. The plan- 
et carrier assembly member 1 26 and the sun gear mem- 
ber 1 32 rotate at the same speed as the input shaft 1 7. 
The sun gear member 122 and the ring gear member 
134 do not rotate. The planet carrier assembly member 
1 36 and the planet carrier assembly member 1 46 rotate 
at the same speed as the output shaft 19. The planet 
carrier assembly member 1 36, and therefore the output 
shaft 19, rotates at a speed determined from the speed 
of the sun gear member 132 and the ring gear/sun gear 
tooth ratio of the pgs 130. The numerical value of the 
second forward speed ratio is determined utilizing the 
ring gear/sun gear tooth ratio of the planetary gear set 
130. 

[0082] The third forward speed ratio is established 
with the engagement of the input clutch 1 63 and the ro- 
tating synchronizers 1 69, 1 70. The input clutch 1 63 con- 
nects the sun gear member 142 to the input shaft 17. 
The rotating synchronizer 169 connects the ring gear 
member 144 to the planet carrier assembly member 
156. The rotating synchronizer 170 connects the ring 
gear member 1 44 to the sun gear member 1 52. The sun 
gear member 1 42 rotates at the same speed as the input 
shaft 17. The planet carrier assembly member 146 ro- 
tates at the same speed as the output shaft 19. The ring 
gear member 1 44 and the planetary gear set 1 50 do not 
rotate. The planet carrier assembly member 146, and 
therefore the output shaft 19, rotates at a speed deter- 
mined from the speed of the sun gear member 142 and 
the ring gear/sun gear tooth ratio of the planetary gear 
set 140. The numerical value of the third forward speed 
ratio is determined utilizing the ring gear/sun gear tooth 
ratio of the planetary gear set 140. 
[0083] The fourth forward speed ratio is established 
with the engagement of the input clutch 1 62, the braking 
synchronizer 165 and the rotating synchronizer 167. 
The input clutch 162 and the rotating synchronizer 167 
connect the ring gear member 1 24 to the input shaft 1 7. 
The braking synchronizer 165 connects the ring gear 
member 134 to the transmission housing 180. The sun 
gear member 122 and the ring gear member 134 do not 
rotate. The planet carrier assembly member 1 26 rotates 
at the same speed as the sun gear member 132. The 
ring gear member 1 24 rotates at the same speed as the 
input shaft 1 7. The planet carrier assembly member 1 26 
rotates at a speed determined from the speed of the ring 
gear member 124 and the ring gear/sun gear tooth ratio 
of the planetary gear set 1 20. The planet carrier assem- 
bly member 136 and the planet carrier assembly mem- 
ber 1 46 rotate at the same speed as the output shaft 1 9. 
The planet carrier assembly member 1 36, and therefore 
the output shaft 19, rotates at a speed determined from 
the speed of the su n gear member 1 32 and the ring gear/ 
sun gear tooth ratio of the planetary gear set 130. The 



numerical value of the fourth forward speed ratio is de- 
termined utilizing the ring gear/sun gear tooth ratios of 
the planetary gear sets 120, 130. 
[0084] The fifth forward speed ratio is established with 
5 the engagement of the input clutch 1 63 and the rotating 
synchronizers 169, 171 . In this configuration, the input 
shaft 1 7 is directly connected to the output shaft 1 9. The 
numerical value of the fifth forward speed ratio is 1 . 
[0085] The sixth forward speed ratio is established 
10 with the engagement of the input clutch 1 62 , the braking 
synchronizer 166 and the rotating synchronizer 167. 
The input clutch 162 and the rotating synchronizer 167 
connect the ring gear member 124 to the input shaft 17. 
The braking synchronizer 166 connects the planet car- 
ts tier assembly member 1 26 to the transmission housing 
180. The sun gear member 122 rotates at the same 
speed as the ring gear member 134. The planet carrier 
assembly member 126 and the sun gear member 132 
do not rotate. The ring gear member 124 rotates at the 
20 same speed as the input shaft 1 7. The sun gear member 
1 22 rotates at a speed determined from the speed of the 
ring gear member 1 24 and the ring gear/sun gear tooth 
ratio of the planetary gear set 120. The planet carrier 
assembly member 136 and the planet carrier assembly 
25 member 146 rotate at the same speed as the output 
shaft 1 9. The planet carrier assembly member 1 36, and 
therefore the output shaft 19, rotates at a speed deter- 
mined from the speed of the ring gear member 1 34 and 
the ring gear/sun gear tooth ratio of the planetary gear 
30 set 130. The numerical value of the sixth forward speed 
ratio is determined utilizing the ring gear/sun gear tooth 
ratios of the planetary gear sets 120, 130. 
[0086] As set forth above, the truth table of Figure 2b 
describes the engagement sequence of the torque 
35 transmitting mechanisms utilized to provide a reverse 
drive ratio and six forward speed ratios. The truth table 
also provides an example of the ratios that can be at- 
tained with the family members shown in Figure 2a uti- 
lizing the sample tooth ratios given in Figure 2b. The 
40 R1/S1 value is the tooth ratio of the planetary gear set 
120; the R2/S2 value is the tooth ratio of the planetary 
gear set 130; the R3/S3 value is the tooth ratio of the 
planetary gear set 1 40; and the R4/S4 value is the tooth 
ratio of the planetary gear set 150. Also shown in Figure 
45 2b are the ratio steps between single step ratios in the 
forward direction as well as the reverse to first ratio step . 
For example, the first to second step ratio is 1 .63. Those 
skilled in the art will recognize that since torque trans- 
mitting mechanisms 167 and 168 are connected to a 
so common member, input clutch 1 62, and they are not en- 
gaged at the same time for any of the speed ratios, the 
pair can be executed as a double synchronizerto reduce 
content and cost. Similarly, torque transmitting mecha- 
nisms pair 164 and 166 can be executed as a double 
55 synchronizer. In fact, torque transmitting mechanisms 
1 64, 1 65 and 1 66 which are all connected with the trans- 
mission housing 180 can be executed as a triple syn- 
chronizer. 
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[0087] Turning the Figure 3a, a powertrain 21 0 having 
a conventional engine 1 2, a planetary transmission 21 4, 
and conventional final drive mechanism 16 is shown. 
[0088] The planetary transmission 21 4 includes an In- 
put shaft 1 7 continuously connected with the engine 1 2, 
a planetary gear arrangement 218, and an output shaft 
19 continuously connected with the final drive mecha- 
nism 16. The planetary gear arrangement 218 includes 
four planetary gear sets 220, 230, 240 and 250. 
[0089] The planetary gear set 220 includes a sun gear 
member 222, a ring gear member 224, and a planet car- 
rier assembly member 226. The planet carrier assembly 
member 226 includes a plurality of intermeshing pinion 
gears 227, 228 rotatably mounted on a carrier member 
229 and disposed in meshing relationship with the ring 
gear member 224 and the sun gear member 222, re- 
spectively. 

[0090] The planetary gear set 230 includes a sun gear 
member 232, a ring gear member 234, and a planet car- 
rier assembly member 236. The planet carrier assembly 
member 236 includes a plurality of pinion gears 237 ro- 
tatably mounted on a carrier member 239 and disposed 
in meshing relationship with both the sun gear member 
232 and the ring gear member 234. 
[0091] The planetary gear set 240 includes a sun gear 
member 242, a ring gear member 244, and a planet car- 
rier assembly member 246. The planet carrier assembly 
member 246 includes a plurality of pinion gears 247 ro- 
tatably mounted on a carrier member 249 and disposed 
in meshing relationship with both the sun gear member 
242 and the ring gear member 244. 
[0092] The planetary gear set 250 includes a sun gear 
member 252, a ring gear member 254, and a planet car- 
rier assembly member 256. The planet carrier assembly 
member 256 includes a plurality of pinion gears 257 ro- 
tatably mounted on a carrier member 259 and disposed 
in meshing relationship with both the sun gear member 
252 and the ring gear member 254. 
[0093] As a result of the dual clutch arrangement of 
the invention, the four planetary gear sets 220, 230, 240 
and 250 are divided into first and second transmission 
subsets 260, 261 which are alternatively engaged to 
provide odd number and even number speed ranges, 
respectively. Transmission subset 260 includes plane- 
tary gear sets 220 and 230, and transmission subset 
261 includes planetary gear sets 240 and 250. The out- 
put shaft 19 is continuously connected with members of 
both subsets 260 and 261 . 

[0094] As mentioned above, the first and second input 
clutches 262, 263 are alternatively engaged for trans- 
mitting power from the input shaft 17 to transmission 
subset 260 or transmission subset 261 . The first and 
second input clutches 262, 263 are controlled electron- 
ically, and the disengaged input clutch is gradually en- 
gaged while the engaged input clutch is gradually dis- 
engaged to facilitate transfer of power from one trans- 
mission subset to another. In this manner, shift quality 
is maintained, as in an automatic transmission, while 



providing better fuel economy because no torque con- 
verter is required, and hydraulics associated with "wet" 
clutching are eliminated. All speed ratios are preselect- 
ed within the transmission subsets 260, 261 prior to en- 

5 gaging the respective input clutches 262, 263. The 
preselection is achieved by means of electronically con- 
trolled synchronizers. As shown, the planetary gear ar- 
rangement includes eight torque transmitting mecha- 
nisms 264, 265, 266, 267, 268, 269, 270 and 271. The 

io torque transmitting mechanisms 264, 265 and 266 com- 
prise braking synchronizers, and the torque transmitting 
mechanisms 267, 268, 269, 270 and 271 comprise ro- 
tating synchronizers. 

[0095] Accordingly, the input shaft 17 is alternately 
is connected with the first and second transmission sub- 
sets 260, 261 (i.e. through the clutch 262 to synchroniz- 
ers 267, 268 and through the clutch 263 to the sun gear 
member242).Thesun gear member 222 is continuous- 
ly connected with the ring gear member 234 through the 
20 interconnecting member 272. The planet carrier assem- 
bly member 226 is continuously connected with the sun 
gear member 232 through the interconnecting member 
274. The planet carrier assembly member 246 is con- 
tinuously connected with the planet carrier assembly 
25 member 236 and the output shaft 1 9 through the inter- 
connecting member 276. The sun gear member 252 is 
continuously connected with the transmission housing 
280. 

[0096] The ring gear member 224 is selectively con- 

30 nectable with the transmission housing 280 through the 
braking synchronizer 264. The ring gear member 234 is 
selectively connectable with the transmission housing 
280 through the braking synchronizer 265. The planet 
carrier assembly member 226 is selectively connectable 

35 with the transmission housing 280 through the braking 
synchronizer 266. The ring gear member 224 is selec- 
tively connectable with the input shaft 17 through the 
input clutch 262 and the rotating synchronizer 267. The 
sun gear member 232 is selectively connectable with 

40 the input shaft 17 through the input clutch 262 and the 
rotating synchronizer 268. The ring gear member 244 is 
selectively connectable with the ring gear member 254 
through the rotating synchronizer 269. The ring gear 
member 244 is selectively connectable with the planet 

45 carrier assembly member 256 through the rotating syn- 
chronizer 270. The planet carrier assembly member246 
is selectively connectable with the ring gear member 
254 through the rotating synchronizer 271 . 
[0097] As shown in Figure 3b, and in particular the 

50 truth table disclosed therein, the input clutches and 
torque transmitting mechanisms are selectively en- 
gaged in combinations of three to provide six forward 
speed ratios and a reverse speed ratio. 
[0098] The reverse speed ratio is established with the 

55 engagement of the input clutch 262, the braking syn- 
chronizer 264 and the rotating synchronizer 268. The 
input clutch 262 and the rotating synchronizer 268 con- 
nect the sun gear member 232 to the input shaft 1 7. The 
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braking synchronizer 264 connects the ring gear mem- 
ber 224 to the transmission housing 280. The sun gear 
member 222 rotates at the same speed as the ring gear 
member 234. The planet carrier assembly member 226 
and the sun gear member 232 rotate at the same speed 
as the input shaft 17. The ring gear member 224 does 
not rotate. The sun gear member 222 rotates at a speed 
determined from the speed of the planet carrier assem- 
bly member 226 and the ring gear/sun gear tooth ratio 
of the planetary gear set 220. The planet carrier assem- 
bly member 236 and the planet carrier assembly mem- 
ber 246 rotate at the same speed as the output shaft 1 9. 
The planet carrier assembly member 236, and therefore 
the output shaft 1 9, rotates at a speed determined from 
the speed of the ring gear member 234, the speed of 
the sun gear member 232 and the ring gear/sun gear 
tooth ratio of the planetary gear set 230. The numerical 
value of the reverse speed ratio is determined utilizing 
the ring gear/sun gear tooth ratios of the planetary gear 
sets 220, 230. 

[0099] The first forward speed ratio is established with 
the engagement of the input clutch 263 and the rotating 
synchronizers 269, 270. The input clutch 263 connects 
the sun gear member 242 to the input shaft 17. The ro- 
tating synchronizer 269 connects the ring gear member 
244 to the ring gear member 264. The rotating synchro- 
nizer 270 connects the ring gear member 244 to the 
planet carrier assembly member 256. The sun gear 
member 242 rotates at the same speed as the input 
shaft 1 7. The planet carrier assembly member 246 ro- 
tates at the same speed as the output shaft 1 9. The ring 
gear member 244 and the planetary gear set 250 do not 
rotate. The planet carrier assembly member 246, and 
therefore the output shaft 19, rotates at a speed deter- 
mined from the speed of the sun gear member 242 and 
the ring gear/sun gear tooth ratio of the planetary gear 
set 240. The numerical value of the first forward speed 
ratio is determined utilizing the ring gear/sun gear tooth 
ratio of the planetary gear set 240. 
[01 00] The second forward speed ratio is established 
with the engagement of the input clutch 262, the braking 
synchronizer 265 and the rotating synchronizer 268. 
The input clutch 262 and the rotating synchronizer 268 
connect the sun gear member 232 to the input shaft 1 7. 
The braking synchronizer 265 connects the ring gear 
member 234 to the transmission housing 280. The sun 
gear member 222 and the ring gear member 234 do not 
rotate. The planet carrier assembly member 226 and the 
sun gear member 232 rotate at the same speed as the 
input shaft 1 7. The planet carrier assembly member 236 
and the planet carrier assembly member 246 rotate at 
the same speed as the output shaft 1 9. The planet car- 
rier assembly member 236, and therefore the output 
shaft 19, rotates at a speed determined from the speed 
of the sun gear member 232 and the ring gear/sun gear 
tooth ratio of the planetary gear set 230. The numerical 
value of the second forward speed ratio is determined 
utilizing the ring gear/sun gear tooth ratio of the plane- 



tary gear set 230. 

[0101] The third forward speed ratio is established 
with the engagement of the input clutch 263 and the ro- 
tating synchronizers 270, 271 . The input clutch 263 con- 

5 nects the sun gear member 242 to the input shaft 17. 
The rotating synchronizer 270 connects the ring gear 
member 244 to the planet carrier assembly member 
256. The rotating synchronizer 271 connects the planet 
carrier assembly member 246 to the ring gear member 

10 254. The sun gear member 242 rotates at the same 
speed as the input shaft 1 7. The planet carrier assembly 
member 246 and the ring gear member 254 rotate at the 
same speed as the output shaft 19. The ring gear mem- 
ber 244 rotates at the same speed as the planet carrier 

15 assembly member 256. The planet carrier assembly 
member 246, and therefore the output shaft 19, rotates 
at a speed determined from the speed of the ring gear 
member 244, the speed of the sun gear member 242 
and the ring gear/sun gear tooth ratio of the planetary 

20 gearset230.Thesun gear member 252 does not rotate. 
The planet carrier assembly member 256 rotates at a 
speed determined from the speed of the ring gear mem- 
ber 254 and the ring gear/sun gear tooth ratio of the 
planetary gear set 250. The numerical value of the third 

25 forward speed ratio is determined utilizing the ring gear/ 
sun gear tooth ratios of the planetary gear sets 240, 250. 
[0102] The fourth forward speed ratio is established 
with the engagement of the input clutch 262, the braking 
synchronizer 265 and the rotating synchronizer 267. 

30 The input clutch 262 and the rotating synchronizer 267 
connect the ring gear member 224 to the input shaft 1 7. 
The braking synchronizer 265 connects the ring gear 
member 234 to the transmission housing 280. The sun 
gear member 222 and the ring gear member 234 do not 

35 rotate. The planet carrier assembly member 226 rotates 
at the same speed as the sun gear member 232. The 
ring gear member 224 rotates at the same speed as the 
input shaft 17. The planet carrier assembly member 226 
rotates at a speed determined from the speed of the ring 

40 gear member 224 and the ring gear/sun gear tooth ratio 
of the planetary gear set 220. The planet carrier assem- 
bly member 236 and the planet carrier assembly mem- 
ber 246 rotate at the same speed as the output shaft 19. 
The planet carrier assembly member 236, and therefore 

45 the output shaft 1 9, rotates at a speed determined from 
the speed of the sun gear member 232 and the ring gear/ 
sun gear tooth ratio of the planetary gear set 230. The 
numerical value of the fourth forward speed ratio is de- 
termined utilizing the ring gear/sun gear tooth ratios of 

50 the planetary gear sets 220, 230. 

[01 03] The fifth forward speed ratio is established with 
the engagement of the input clutch 263 and the rotating 
synchronizers 269, 271. In this configuration, the input 
shaft 1 7 is directly connected to the output shaft 1 9. The 

55 numerical value of the fifth forward speed ratio is 1 . 
[0104] The sixth forward speed ratio is established 
with the engagement of the input clutch 262, the braking 
synchronizer 266 and the rotating synchronizer 267. 
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The input clutch 262 and the rotating synchronizer 267 
connect the ring gear member 224 to the input shaft 1 7. 
The braking synchronizer 266 connects the planet car- 
rier assembly member 226 to the transmission housing 
280. The sun gear member 222 rotates at the same 
speed as the ring gear member 234. The planet carrier 
assembly member 226 and the sun gear member 232 
do not rotate. The ring gear member 224 rotates at the 
same speed as the input shaft 1 7. The sun gear member 
222 rotates at a speed determined from the speed of the 
ring gear member 224 and the ring gear/sun gear tooth 
ratio of the planetary gear set 220. The planet carrier 
assembly member 236 and the planet carrier assembly 
member 246 rotate at the same speed as the output 
shaft 1 9. The planet carrier assembly member 236, and 
therefore the output shaft 19, rotates at a speed deter- 
mined from the speed of the ring gear member 234 and 
the ring gear/sun gear tooth ratio of the planetary gear 
set 230. The numerical value of the sixth forward speed 
ratio is determined utilizing the ring gear/sun gear tooth 
ratios of the planetary gear sets 220, 230. 
[0105] As previously set forth, the truth table of Figure 
3b describes the combinations of engagements utilized 
for six forward speed ratios and one reverse speed ratio. 
The truth table also provides an example of speed ratios 
that are available with the family member described 
above. These examples of speed ratios are determined 
the tooth ratios given in Figure 3b. The R1/S1 value is 
the tooth ratio of the planetary gear set 220; the R2/S2 
value is the tooth ratio of the planetary gear set 230; the 
R3/S3 value is the tooth ratio of the planetary gear set 
240; and the R4/S4 value is the tooth ratio of the plan- 
etary gear set 250. Also depicted in Figure 3b is a chart 
representing the ratio steps between adjacent forward 
speed ratios and the reverse speed ratio. For example, 
the first to second ratio interchange has a step of 1 .42. 
[0106] Apowertrain310,shown in Figure4a, includes 
the engine 12, a planetary transmission 314, and the 
final drive mechanism 16. The planetary transmission 
314 includes an input shaft 17 continuously connected 
with the engine 12, a planetary gear arrangement 318, 
and an output shaft 1 9 continuously connected with the 
final drive mechanism 16. The planetary gear arrange- 
ment 318 includes four planetary gear sets 320, 330, 
340 and 350. 

[01 07] The planetary gear set 320 includes a sun gear 
member 322, a ring gear member 324, and a planet car- 
rier assembly member 326. The planet carrier assembly 
member 326 includes a plurality of pinion gears 327 ro- 
tatably mounted on a carrier member 329 and disposed 
in meshing relationship with both the sun gear member 
322 and the ring gear member 324. 
[01 08] The planetary gear set 330 includes a sun gear 
member 332, a ring gear member 334, and a planet car- 
rier assembly member 336. The planet carrier assembly 
member 336 includes a plurality of inter-meshing pinion 
gears 337, 338 rotatably mounted on a carrier member 
339 and disposed in meshing relationship with the ring 



gear member 334 and the sun gear member 332, re- 
spectively. 

[01 09] The planetary gear set 340 includes a sun gear 
member 342, a ring gear member 344, and a planet car- 

5 rier assembly member 346. The planet carrier assembly 
member 346 includes a plurality of pinion gears 347 ro- 
tatably mounted on a carrier member 349 and disposed 
in meshing relationship with both the sun gear member 
342 and the ring gear member 344. 

10 [01 1 0] The planetary gear set 350 includes a sun gear 
member 352, a ring gear member 354, and a planet car- 
rier assembly member 356. The planet carrier assembly 
member 356 includes a plurality of intermeshing pinion 
gears 357, 358 rotatably mounted on a carrier member 

15 359 and disposed in meshing relationship with the ring 
gear member 354 and the sun gear member 352, re- 
spectively. 

[0111] As a result of the dual clutch arrangement of 
the invention, the four planetary gear sets 320, 330, 340 

20 and 350 are divided into first and second transmission 
subsets 360, 361 which are alternatively engaged to 
provide odd number and even number speed ranges, 
respectively. Transmission subset 360 includes plane- 
tary gear sets 320 and 330, and transmission subset 

25 361 includes planetary gear sets 340 and 350. The out- 
put shaft 1 9 is continuously connected with members of 
both subsets 360 and 361 . 

[0112] As mentioned above, the first and second input 
clutches 362, 363 are alternatively engaged for trans- 
30 mitting power from the input shaft 17 to transmission 
subset 360 or transmission subset 361 . The first and 
second input clutches 362, 363 are controlled electron- 
ically, and the disengaged input clutch is gradually en- 
gaged while the engaged input clutch is gradually dis- 
ss engaged to facilitate transfer of power from one trans- 
mission subset to another. In this manner, shift quality 
is maintained, as in an automatic transmission, while 
providing better fuel economy because no torque con- 
verter is required, and hydraulics associated with "wet" 
40 clutching are eliminated. All speed ratios are preselect- 
ed within the transmission subsets 360, 361 prior to en- 
gaging the respective input clutches 362, 363. The 
preselection is achieved by means of electronically con- 
trolled synchronizers. As shown, the planetary gear ar- 
45 rangement includes eight torque transmitting mecha- 
nisms 364, 365, 366, 367, 368, 369, 370 and 371 . The 
torque transmitting mechanisms 364, 365 and 366 com- 
prise braking synchronizers, and the torque transmitting 
mechanisms 367, 368, 369, 370 and 371 comprise ro- 
se tating synchronizers. 

[0113] Accordingly, the input shaft 17 is alternately 
connected with the first and second transmission sub- 
sets 360, 361 (i.e. through the clutch 362 to synchroniz- 
ers 367, 368 and through the clutch 363 to the sun gear 
55 member 342). The ring gear member 324 is continuous- 
ly connected with the sun gear member 332 through the 
interconnecting member 372. The sun gear member 
322 is continuously connected with the planet carrier as- 
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sembly member 336 through the interconnecting mem- 
ber 374. The planet carrier assembly member 346 is 
continuously con nected with the planet carrier assembly 
member 326 and the output shaft 19 through the inter- 
connecting member 376. The sun gear member 352 is 
continuously connected with the transmission housing 
380. 

[0114] The ring gear member 334 is selectively con- 
nectable with the transmission housing 380 through the 
braking synchronizer 364. The ring gear member 324 is 
selectively connectable with the transmission housing 
380 through the braking synchronizer 365. The sun gear 
member 322 is selectively connectable with the trans- 
mission housing 380 through the braking synchronizer 
366. The ring gear member 334 is selectively connect- 
able with the input shaft 1 7 through the input clutch 362 
and the rotating synchronizer 367. The sun gear mem- 
ber 322 is selectively connectable with the input shaft 
1 7 through the input clutch 362 and the rotating synchro- 
nizer 368. The ring gear member 344 is selectively con- 
nectable with the ring gear member 354 through the ro- 
tating synchronizer 369. The ring gear member 344 is 
selectively connectable with the planet carrier assembly 
member 356 through the rotating synchronizer 370. The 
planet carrier assembly member 346 is selectively con- 
nectable with the planet carrier assembly member 356 
through the rotating synchronizer 371 . 
[01 15] The truth tables given in Figures 4b, 5b, 6b, 7b, 
8b, and 9b show the engagement sequences for the 
torque transmitting mechanisms to provide at least five 
forward speed ratios and one reverse speed ratio. As 
shown and described above for the configurations in 
Figures 1 a, 2a and 3a, those skilled in the art will under- 
stand from the respective truth tables how the speed ra- 
tios are established through the planetary gear sets 
identified in the written description. 
[0116] The truth table shown in Figure 4b describes 
the engagement combination and engagement se- 
quence necessary to provide the reverse drive ratio and 
six forward speed ratios. A sample of the numerical val- 
ues for the ratios is also provided in the truth table of 
Figure 4b. These values are determined utilizing the ring 
gear/sun gear tooth ratios also given in Figure 4b. The 
R1/S1 value is the tooth ratio for the planetary gear set 
320; the R2/S2 value is the tooth ratio for the planetary 
gear set 330; the R3/S3 value is the tooth ratio for the 
planetary gear set 340; and the R4/S4 value is the tooth 
ratio for the planetary gear set 350. Also given in Figure 
4b is a chart describing the step ratios between the ad- 
jacent forward speed ratios and the reverse to first for- 
ward speed ratio. For example, the first to second for- 
ward speed ratio step is 1 .42. 

[0117] Those skilled in the art will recognize that the 
numerical values of the reverse, fourth and sixth forward 
speed ratios are determined utilizing the ring gear/sun 
gear tooth ratios of the planetary gear sets 320, 330. 
The numerical value of the first forward speed ratio is 
determined utilizing the ring gear/sun gear tooth ratio of 



the planetary gear set 340. The numerical value of the 
second forward speed ratio is determined utilizing the 
ring gear/sun gear tooth ratio of the planetary gear set 
320. The numerical value of the third forward speed ratio 

5 is determined utilizing the ring gear/sun gear tooth ratios 
of the planetary gear sets 340, 350. The numerical value 
of the fifth forward speed ratio is 1 . 
[0118] A powertrain 410 shown in Figure 5a includes 
a conventional engine 12, a planetary transmission 414, 

10 and a conventional final drive mechanism 1 6, The plan- 
etary transmission 414 includes an input shaft 17 con- 
nected with the engine 12, a planetary gear arrange- 
ment 41 8, and an output shaft 1 9 continuously connect- 
ed with the final drive mechanism 1 6. The planetary gear 

15 arrangement 41 8 includes four planetary gear sets 420, 
430, 440 and 450. 

[01 1 9] The planetary gear set 420 includes a sun gear 
member 422, a ring gear member 424, and a planet car- 
rier assembly member 426. The planet carrier assembly 

20 member 426 includes a plurality of pinion gears 427 ro- 
tatably mounted on a carrier member 429 and disposed 
in meshing relationship with both the sun gear member 
422 and the ring gear member 424. 
[0120] The planetary gear set 430 includes a sun gear 

25 member 432, a ring gear member 434, and a planet car- 
rier assembly member 436. The planet carrier assembly 
member 436 includes a plurality of intermeshing pinion 
gears 437, 438 rotatably mounted on a carrier member 
439 and disposed in meshing relationship with the ring 

30 gear member 434 and the sun gear member 432, re- 
spectively. 

[0121] The planetary gear set 440 includes a sun gear 
member 442, a ring gear member 444, and a planet car- 
rier assembly member 446. The planet carrier assembly 

35 member 446 includes a plurality of pinion gears 447 ro- 
tatably mounted on a carrier member 449 and disposed 
in meshing relationship with both the sun gear member 
442 and the ring gear member 444. 
[0122] The planetary gear set 450 includes a sun gear 

40 member452, a ring gear member 454, and a planet car- 
rier assembly member456. The planet carrier assembly 
member 456 includes a plurality of pinion gears 457 ro- 
tatably mounted on a carrier member 459 and disposed 
in meshing relationship with both the sun gear member 

45 452 and the ring gear member 454. 

[0123] As a result of the dual clutch arrangement of 
the invention, the four planetary gear sets 420, 430, 440 
and 450 are divided into first and second transmission 
subsets 460, 461 which are alternatively engaged to 

so provide odd number and even number speed ranges, 
respectively. Transmission subset 460 includes plane- 
tary gear sets 420 and 430, and transmission subset 
461 includes planetary gear sets 440 and 450. The out- 
put shaft 19 is continuously connected with members of 

55 both subsets 460 and 461 . 

[01 24] As mentioned above, the first and second input 
clutches 462, 463 are alternatively engaged for trans- 
mitting power from the input shaft 17 to transmission 
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subset 460 or transmission subset 461 . The first and 
second input clutches 462, 463 are controlled electron- 
ically, and the disengaged input clutch is gradually en- 
gaged while the engaged input clutch is gradually dis- 
engaged to facilitate transfer of power from one trans- 
mission subset to another. In this manner, shift quality 
is maintained, as in an automatic transmission, while 
providing better fuel economy because no torque con- 
verter is required, and hydraulics associated with "wet" 
clutching are eliminated. All speed ratios are preselect- 
ed within the transmission subsets 460, 461 prior to en- 
gaging the respective input clutches 462, 463. The 
preselection is achieved by means of electronically con- 
trolled synchronizers. As shown, the planetary gear ar- 
rangement includes eight torque transmitting mecha- 
nisms 464, 465, 466, 467, 468, 469, 470 and 471 . The 
torque transmitting mechanisms 464 and 465' comprise 
braking synchronizers, and the torque transmitting 
mechanisms 466, 467, 468, 469, 470 and 471 comprise 
rotating synchronizers. 

[0125] Accordingly, the input shaft 17 is alternately 
connected with the first and second transmission sub- 
sets 460, 461 (i.e. through the clutch 462 to synchroniz- 
ers 466, 467, 468 and through the clutch 463 to the sun 
gear member 442). The planet carrier assembly mem- 
ber 426 is continuously connected with the planet carrier 
assembly member 436 through the interconnecting 
member 472. The ring gear member 424 is continuously 
connected with the sun gear member 432 through the 
interconnecting member 474. The planet carrier assem- 
bly member 446 is continuously connected with the ring 
gear member 434 and the output shaft 19 through the 
interconnecting member 476. The sun gear member 
452 is continuously connected with the transmission 
housing 480. 

[0126] The sun gear member 422 is selectively con- 
nectable with the transmission housing 480 through the 
braking synchronizer 464. The planet carrier assembly 
member 426 is selectively connectable with the trans- 
mission housing 480 through the braking synchronizer 
465. The sun gear member 422 is selectively connect- 
able with the input shaft 1 7 through the input clutch 462 
and the rotating synchronizer 466. The sun gear mem- 
ber 432 is selectively connectable with the input shaft 
1 7 throughthe input clutch 462 and the rotating synchro- 
nizer 467. The planet carrier assembly member 426 is 
selectively connectable with the input shaft 17 through 
the input clutch 462 and the rotating synchronizer 468. 
The ring gear member 444 is selectively connectable 
with the ring gear member 454 through the rotating syn- 
chronizer 469. The ring gear member 444 is selectively 
connectable with the planet carrier assembly member 
456 through the rotating synchronizer 470. The planet 
carrier assembly member 446 is selectively connectable 
with the ring gear member 454 through the rotating syn- 
chronizer 471 . 

[0127] As shown in Figure 5b, and in particular the 
truth table disclosed therein, the input clutches and 



torque transmitting mechanisms are selectively en- 
gaged in combinations of three to provide six forward 
speed ratios and a reverse speed ratio. 
[0128] Figure 5b also provides a chart of the ratio 

s steps between adjacent forward ratios and between the 
reverse and first ratio. For example, the ratio step be- 
tween the first and second forward ratios is 1 .67. Those 
skilled in the art will recognize that the numerical values 
of the reverse, fourth and sixth forward speed ratios are 

10 determined utilizing the ring gear/sun gear tooth ratios 
of the planetary gear sets 420, 430. The numerical value 
of the first forward speed ratio is determined utilizing the 
ring gear/sun gear tooth ratio of the planetary gear set 
440. The numerical value of the second forward speed 

is ratio is determined utilizing the ring gear/sun gear tooth 
ratio of the planetary gear set 430. The numerical value 
of the third forward speed ratio is determined utilizing 
the ring gear/sun gear tooth ratios of the planetary gear 
sets 440, 450. The numerical value of the fifth forward 

20 speed ratio is 1 . 

[0129] Apowertrain510, shown in Figure 6a, includes 
a conventional engine 12, a powertrain 514, and a con- 
ventional final drive mechanism 1 6. The powertrain 514 
includes an input shaft 1 7 connected with the engine 1 2, 

25 a planetary gear arrangement 518, and an output shaft 
19 continuously connected with the final drive mecha- 
nism 16. The planetary gear arrangement 518 includes 
four planetary gear sets 520, 530, 540 and 550.. 
[0130] The planetary gear set 520 includes asun gear 

30 member 522, a ring gear member 524, and a planet car- 
rier assembly member 526. The planet carrier assembly 
member 526 includes a plurality of intermeshing pinion 
gears 527, 528 rotatably mounted on a carrier member 
529 and disposed in meshing relationship with the ring 

35 gear member 524 and the sun gear member 522, re- 
spectively. 

[01 31 ] The planetary gear set 530 includes asun gear 
member 532, a ring gear member 534, and a planet car- 
rier assembly member 536. The planet carrier assembly 

40 member 536 includes a plurality of pinion gears 537 ro- 
tatably mounted on a carrier member 539 and disposed 
in meshing relationship with both the sun gear member 
532 and the ring gear member 534. 
[0132] The planetary gear set 540 includesasun gear 

45 member 542, a ring gear member 544, and a planet car- 
rier assembly member 546. The planet carrier assembly 
member 546 includes a plurality of pinion gears 547 ro- 
tatably mounted on a carrier member 549 and disposed 
in meshing relationship with both the sun gear member 

50 542 and the ring gear member 544. 

[0133] The planetary gear set 550 includes a sun gear 
member 552, a ring gear member 554, and a planet car- 
rier assembly member 556. The planet carrier assembly 
member 556 includes a plurality of pinion gears 557 ro- 

55 tatably mounted on a carrier member 559 and disposed 
in meshing relationship with both the sun gear member 
552 and the ring gear member 554. 
[0134] As a result of the dual clutch arrangement of 
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the invention, the four planetary gear sets 520, 530, 540 
and 550 are divided into first and second transmission 
subsets 560, 561 which are alternatively engaged to 
provide odd number and even number speed ranges, 
respectively. Transmission subset 560 includes plane- 
tary gear sets 520 and 530, and transmission subset 
561 includes planetary gear sets 540 and 550. The out- 
put shaft 1 9 is continuously connected with members of 
both subsets 560 and 561 . 

[01 35] As mentioned above, the first and second input 
clutches 562, 563 are alternatively engaged for trans- 
mitting power from the input shaft 17 to transmission 
subset 560 or transmission subset 561. The first and 
second input clutches 562, 563 are controlled electron- 
ically, and the disengaged input clutch is gradually en- 
gaged while the engaged input clutch is gradually dis- 
engaged to facilitate transfer of power from one trans- 
mission subset to another. In this manner, shift quality 
is maintained, as in an automatic transmission, while 
providing better fuel economy because no torque con- 
verter is required, and hydraulics associated with "wet" 
clutching are eliminated. All speed ratios are preselect- 
ed within the transmission subsets 560, 561 prior to en- 
gaging the respective input clutches 562, 563. The 
preselection is achieved by means of electronically con- 
trolled synchronizers. As shown, the planetary gear ar- 
rangement includes eight torque transmitting mecha- 
nisms 564, 565, 566, 567, 568, 569, 570 and 571 . The 
torque transmitting mechanisms 564 and 565 comprise 
brakes, and the torque transmitting mechanisms 566, 
567, 568, 569, 570 and 571 comprise rotating synchro- 
nizers. 

[0136] Accordingly, the input shaft 17 is alternately 
connected with the first and second transmission sub- 
sets 560, 561 (i.e. through the clutch 562 to synchroniz- 
ers 566, 567, 568 and through the clutch 563 to the sun 
gear member 542). The ring gear member 524 is con- 
tinuously connected with the planet carrier assembly 
member 536 through the interconnecting member 572. 
The planet carrier assembly member 526 is continuous- 
ly connected with the sun gear member 532 through the 
interconnecting member 574. The planet carrier assem- 
bly member 546 is continuously connected with the ring 
gear member 534 and the output shaft 1 9 through the 
interconnecting member 576. The sun gear member 
552 is continuously connected with the transmission 
housing 580. 

[0137] The planet carrier assembly member526 isse- 
lectively connectable with the transmission housing 580 
through the braking synchronizer 564, The ring gear 
member 524 is selectively connectable with the trans- 
mission housing 580 through the braking synchronizer 
565. The planet carrier assembly member 526 is selec- 
tively connectable with the input shaft 17 through the 
input clutch 562 and the rotating synchronizer 566. The 
sun gear member 522 is selectively connectable with 
the input shaft 1 7 through the input clutch 562 and the 
rotating synchronizer 567. The planet carrier assembly 



member 536 is selectively connectable with the input 
shaft 17 through the input clutch 562 and the rotating 
synchronizer 568. The ring gear member 544 is selec- 
tively connectable with the ring gear member 554 
5 through the rotating synchronizer 569. The ring gear 
member 544 is selectively connectable with the planet 
carrier assembly member 556 through the rotating syn- 
chronizer 570. The planet carrier assembly member 546 
is selectively connectable with the ring gear member 
10 554 through the rotating synchronizer 571 . 

[0138] As shown in Figure 6b, and in particular the 
truth table disclosed therein, the input clutches and 
torque transmitting mechanisms are selectively en- 
gaged in combinations of three to provide six forward 
is speed ratios and a reverse speed ratio. The chart of Fig- 
ure 6b describes the ratio steps between adjacent for- 
ward speed ratios and the ratio step between the re- 
verse and first forward speed ratio. 
[0139] Those skilled in the art, upon reviewing the 
truth table and the schematic representation of Figure 
6a, will recognize that the numerical values of the re- 
verse and sixth forward speed ratios are determined uti- 
lizing the ring gear/sun gear tooth ratio of the planetary 
gear set 530. The numerical value of the first forward 
speed ratio is determined utilizing the ring gear/sun gear 
tooth ratio of the planetary gear set 540. The numerical 
values of the second and fourth forward speed ratios 
are determined utilizing the ring gear/sun gear tooth ra- 
tios of the planetary gear sets 520, 530. The numerical 
value of the third forward speed ratio is determined uti- 
lizing the ring gear/sun gear tooth ratios of the planetary 
gear sets 540, 550. The numerical value of the fifth for- 
ward speed ratio is 1 . 

[0140] The sample speed ratios given in the truth ta- 
ble are determined utilizing the tooth ratio values also 
given in Figure 6b. R1/S1 value is the tooth ratio of the 
planetary gear set 520; the R2/S2 value is the tooth ratio 
of the planetary gear set 530; the R3/S3 value is the 
tooth ratio of the planetary gear set 540; and the R4/S4 
value is the tooth ratio of the planetary gear set 550. 
[0141] Apowertrain 610, shown in Figure 7a, has the 
engine and torque converter 12, a planetary transmis- 
sion 61 4, and the final drive mechanism 1 6. The plane- 
tary transmission 61 4 includes the input shaft 1 7, a plan- 
etary gear arrangement 618, and the output shaft 19. 
The planetary gear arrangement 61 8 includes four plan- 
etary gear sets 620, 630, 640 and 650. 
[01 42] The planetary gear set 620 includes a sun gear 
member 622, a ring gear member 624, and a planet car- 
rier assembly member 626. The planet carrier assembly 
member 626 includes a plurality of pinion gears 627 ro- 
tatably mounted on a carrier member 629 and disposed 
in meshing relationship with both the sun gear member 
622 and the ring gear member 624. 
[01 43] The planetary gear set 630 includes a sun gear 
member 632, a ring gear member 634, and a planet car- 
rier assembly member 636. The planet carrier assembly 
member 636 includes a plurality of intermeshing pinion 
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gears 637, 638 rotatably mounted on a carrier member 
639 and disposed in meshing relationship with the ring 
gear member 634 and the sun gear member 632, re- 
spectively. 

[01 44] The planetary gear set 640 includes a sun gear 
member 642, a ring gear member 644, and a planet car- 
rier assembly member 646. The planet carrier assembly 
member 646 includes a plurality of pinion gears 647 ro- 
tatably mounted on a carrier member 649 and disposed 
in meshing relationship with both the sun gear member 
642 and the ring gear member 644. 
[0145J The planetary gear set 650 includes a sun gear 
member 652, a ring gear member 654, and a planet car- 
rier assembly member 656. The planet carrier assembly 
member 656 includes a plurality of pinion gears 657 ro- 
tatably mounted on a carrier member 659 and disposed 
in meshing relationship with both the sun gear member 
652 and the ring gear member 654. 
[0146] As a result of the dual clutch arrangement of 
the invention, the four planetary gear sets 620, 630, 640 
and 650 are divided into first and second transmission 
subsets 660, 661 which are alternatively engaged to 
provide odd number and even number speed ranges, 
respectively. Transmission subset 660 includes plane- 
tary gear sets 620 and 630, and transmission subset 
661 includes planetary gear sets 640 and 650. The out- 
put shaft 19 is continuously connected with members of 
both subsets 660 and 661 . 

[0147] As mentioned above, the first andsecond input 
clutches 662, 663 are alternatively engaged for trans- 
mitting power from the input shaft 17 to transmission 
subset 660 or transmission subset 661 . The first and 
second input clutches 662, 663 are controlled electron- 
ically, and the disengaged input clutch is gradually en- 
gaged while the engaged input clutch is gradually dis- 
engaged to facilitate transfer of power from one trans- 
mission subset to another. In this manner, shift quality 
is maintained, as in an automatic transmission, while 
providing better fuel economy because no torque con- 
verter is required, and hydraulics associated with "wet" 
clutching are eliminated. All speed ratios are preselect- 
ed within the transmission subsets 660, 661 prior to en- 
gaging the respective input clutches 662, 663. The 
preselection is achieved by means of electronically con- 
trolled synchronizers. As shown, the planetary gear ar- 
rangement includes eight torque transmitting mecha- 
nisms 664, 665, 666, 667, 668, 669, 670 and 671 . The 
torque transmitting mechanisms 664 and 665 comprise 
braking synchronizers, and the torque transmitting 
mechanisms 666, 667, 668, 669, 670 and 671 comprise 
rotating synchronizers. 

[0148] Accordingly, the input shaft 17 is alternately 
connected with the first and second transmission sub- 
sets 660, 661 (i.e. through the clutch 662 to synchroniz- 
ers 666, 667, 668 and through the clutch 663 to the sun 
gear member 642). The ring gear member 624 is con- 
tinuously connected with the sun gear member 632 
through the interconnecting member 672. The sun gear 



member 622 is continuously connected with the planet 
carrier assembly member 636 through the interconnect- 
ing member 674. The planet carrier assembly member 
646 is continuously connected with the ring gear mem- 

5 ber 634 and the output shaft 19 through the intercon- 
necting member 676. The sun gear member 652 is con- 
tinuously connected with the transmission housing 680. 
[0149] The planet carrier assembly member 626 is se- 
lectively connectable with the transmission housing 680 

10 through the braking synchronizer 664. The sun gear 
member 622 is selectively connectable with the trans- 
mission housing 680 through the braking synchronizer 
665. The planet carrier assembly member 626 is selec- 
tively connectable with the input shaft 17 through the 

15 input clutch 662 and the rotating synchronizer 666. The 
ring gear member 624 is selectively connectable with 
the input shaft 17 through the input clutch 662 and the 
rotating synchronizer 667. The sun gear member 622 is 
selectively connectable with the input shaft 17 through 

20 the input clutch 662 and the rotating synchronizer 668. 
The ring gear member 644 is selectively connectable 
with the ring gear member 654 through the rotating syn- 
chronizer 669. The ring gear member 644 is selectively 
connectable with the pianet carrier assembly member 

25 656 through the rotating synchronizer 670. The planet 
carrier assembly member 646 is selectively connectable 
with the ring gear member 654 through the rotating syn- 
chronizer 671 . 

[0150] As shown in Figure 7b, and in particular the 

30 truth table disclosed therein, the input clutches and 
torque transmitting mechanisms are selectively en- 
gaged in combinations of three to provide six forward 
speed ratios and a reverse speed ratio. The ratio values 
given are by way example and are established utilizing 

35 the ring gear/sun gear tooth ratios given in Figure 7b. 
For example, the R1/S2 value is the tooth ratio of the 
planetary gear set 620; the R2/S2 value is the tooth ratio 
of the planetary gear set 630; the R3/S3 value is the 
tooth ratio of the planetary gear set 640; and the R4/S4 

40 value is the tooth ratio of the planetary gear set 650. The 
ratio steps between adjacent forward ratios and the re- 
verse to first ratio are also given in Figure 7b. 
[0151] Thoseskilledintheartwill, upon reviewing the 
truth table of Figure 7b, recognize that the numerical val- 

45 ues of the reverse, first and fifth forward speed ratios 
are determined utilizing the ring gear/sun gear tooth ra- 
tios of the planetary gear sets 620, 630. The numerical 
value of the second forward speed ratio is determined 
utilizing the ring gear/sun gear tooth ratio of the plane- 

50 tary gear set 640. The numerical value of the third for- 
ward speed ratio is determined utilizing the ring gear/ 
sun gear tooth ratio of the planetary gear set 630. The 
numerical value of the fourth forward speed ratio is de- 
termined utilizing the ring gear/sun gear tooth ratios of 

55 the planetary gear sets 640, 650. The numerical value 
of the sixth forward speed ratio is 1 . 
[0152] A powertrain 710, shown in Figure 8a, has the 
conventional engine 12, a planetary transmission 714, 
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and the conventional final drive mechanism 1 6. The en- 
gine 12 is continuously connected with the input shaft 
1 7. The planetary transmission 71 4 is drivingly connect- 
ed with the final drive mechanism 1 6 through the output 
shaft 19. The planetary transmission 714 includes a 
planetary gear arrangement 71 8 that has a first plane- 
tary gear set 720, a second planetary gear set 730, a 
third planetary gear set 740, and a fourth planetary gear 
set 750. 

[01 53] The planetary gear set 720 includes a sun gear 
member 722, a ring gear member 724, and a planet car- 
rier assembly member 726. The planet carrier assembly 
member 726 includes a plurality of intermeshing pinion 
gears 727, 728 rotatably mounted on a carrier member 
729 and disposed in meshing relationship with the ring 
gear member 724 and the sun gear member 722, re- 
spectively. 

[0154] The planetary gear set 730 includes a sun gear 
member 732, a ring gear member 734, and a planet car- 
rier assembly member 736. The planet carrier assembly 
member 736 includes a plurality of pinion gears 737 ro- 
tatably mounted on a carrier member 739 and disposed 
in meshing relationship with both the sun gear member 
732 and the ring gear member 734. 
[0155] The planetary gear set 740 includes a sun gear 
member 742, a ring gear member 744, and a planet car- 
rier assembly member 746. The planet carrier assembly 
member 746 includes a plurality of pinion gears 747 ro- 
tatably mounted on a carrier member 749 and disposed 
in meshing relationship with both the sun gear member 
742 and the ring gear member 744. 
[01 56] The planetary gear set 750 includes a sun gear 
member 752, a ring gear member 754, and a planet car- 
rier assembly member 756. The planet carrier assembly 
member 756 includes a plurality of pinion gears 757 ro- 
tatably mounted on a carrier member 759 and disposed 
in meshing relationship with both the sun gear member 
752 and the ring gear member 754. 
[0157] As a result of the dual clutch arrangement of 
the invention, the four planetary gear sets 720, 730, 740 
and 750 are divided into first and second transmission 
subsets 760, 761 which are alternatively engaged to 
provide odd number and even number speed ranges, 
respectively. Transmission subset 760 includes plane- 
tary gear sets 720 and 730, and transmission subset 
761 includes planetary gear sets 740 and 750. The out- 
put shaft 19 is continuously connected with a member 
of transmission subset 761 . 

[0158] In this family member, which is a derivative of 
the family member shown in Figure 6a, rather than hav- 
ing two input clutches and eight synchronizers, three in- 
put clutches and six synchronizers are utilized to 
achieve reduced content. The input clutch 562 and first, 
second and third rotating synchronizers 566, 567, 568 
in Figure 6a are here operatively replaced by input 
clutches 766, 767, 768 and the input clutch 563 in Figure 
6a remains here as an input clutch 762. The input clutch- 
es 762, 766, 767 and 768 are controlled electronically, 



and the disengaged input clutch is gradually engaged 
while the engaged input clutch is gradually disengaged 
to facilitate transfer of power from one transmission sub- 
set to another. In this manner, shift quality is maintained, 

5 as in an automatic transmission, while providing better 
fuel economy because no torque converter is required, 
and hydraulics associated with "wet" clutching are elim- 
inated. All speed ratios are preselected within the trans- 
mission subsets 760, 761 prior to engaging the respec- 

10 tive input clutch 762, 766, 767, or 768. The preselection 
is achieved by means of electronically controlled syn- 
chronizers. As shown, the planetary gear arrangement 
includes five torque transmitting mechanisms 764, 765, 
769, 770 and 771 . The torque transmitting mechanisms 

15 764 and 765 comprise braking synchronizers, and the 
torque transmitting mechanisms 769, 770 and 771 com- 
prise rotating synchronizers. 

[0159] Accordingly, the input shaft 17 is alternately 
connected with the first and second transmission sub- 

20 sets 760, 761 (i.e. through the clutches 766, 767, 768 
to the planet carrier assembly member 726 , the sun gear 
member 722 or planet carrier assembly member 736, 
and through the clutch 762 to the sun gear member 
742). The ring gear member 724 is continuously con- 

25 nected with the planet carrier assembly member 736 
through the interconnecting member 772. The planet 
carrier assembly member 726 is continuously connect- 
ed with the sun gear member 732 through the intercon- 
necting member 774. The planet carrier assembly mem- 

30 ber 746 is continuously connected with the ring gear 
member 734 and the output shaft 1 9 through the inter- 
connecting member 746. The sun gear member 752 is 
continuously connected with the transmission housing 
780. 

35 [01 60] The planet carrier assembly member 726 is se- 
lectively conn ectable with the transmission housing 780 
through the braking synchronizer 764. The ring gear 
member 724 is selectively connectable with the trans- 
mission housing 780 through the braking synchronizer 

40 765. The planet carrier assembly member 726 is selec- 
tively connectable with the input shaft 17 through the 
input clutch 766. The sun gear member 722 is selective- 
ly connectable with the input shaft 1 7 through the input 
clutch 767. The planet carrier assembly member 736 is 

45 selectively connectable with the input shaft 17 through 
the rotating synchronizer 768. The ring gear member 
744 is selectively connectable with the ring gear mem- 
ber 754 and the rotating synchronizer 769 . The ring gear 
member 744 is selectively connectable with the planet 

so carrier assembly member 756 through the rotating syn- 
chronizer 770. The planet carrier assembly member 746 
is selectively connectable with the ring gear member 
754 through the rotating synchronizer 771 . 
[0161] As shown in Figure 8b, and in particular the 

55 truth table disclosed therein, the input clutches and 
torque transmitting mechanisms are selectively en- 
gaged in combinations of at least two to provide six for- 
ward speed ratios and a reverse speed ratio. Also given 
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in the truth table is a set of numerical values that are 
attainable with the present invention utilizing the ring 
gear/sun gear tooth ratios given in Figure 8b. The R1/S1 
value is the tooth ratio of the planetary gear set 720; the 
R2/S2 value is the tooth ratio of the planetary gear set s 
730; the R3/S3 value is the tooth ratio of the planetary 
gear set 740; and the R4/S4 value is the tooth ratio of 
the planetary gear set 750. 

[0162] Figure 8b also provides a chart of the ratio 
steps between adjacent forward ratios and between the 
reverse and first forward ratio. For example, the ratio 
step between the first and second forward ratios is 1 .51 . 
[0163] Those skilled in the art will recognize that the 
numerical values of the reverse and sixth forward speed 
ratios are determined utilizing the ring gear/sun gear 
tooth ratio of the planetary gear set 730. The numerical 
value of the first forward speed ratio is determined uti- 
lizing the ring gear/sun gear tooth ratio of the planetary 
gear set 740. The numerical values of the second and 
fourth forward speed ratios are determined utilizing the 
ring gear/sun gear tooth ratios of the planetary gear set 
720, 730. The numerical value of the third forward speed 
ratio is determined utilizing the ring gear/sun gear tooth 
ratios of the planetary gear set 740, 750. The numerical 
value of the fifth forward speed ratio is 1 . 
[0164] Figures 9a and 9b illustrate a transmission 
wherein one of the torque transmitting mechanisms 
from a previously described configuration is eliminated 
to realize five forward speed ratios and a reverse speed 
ratio. Specifically, the powertrain 810, shown in Figure 
9a is identical to that shown in Figure 1 a, except that the 
braking synchronizer 66 of Figure 1a has been eliminat- 
ed. 

[0165] A powertrain 810, shown in Figure 9a, has the 
conventional engine 12, a planetary transmission 814, 
and the final drive mechanism 1 6. The engine 1 2 is con- 
tin uously connected with the input shaft 17. The plane- 
tary transmission 814 is drivingly connected with final 
drive mechanism 1 6 through output shaft 19. The plan- 
etary transmission 814 includes a planetary gear ar- 
rangement 818 that has a first planetary gear set 820, 
a second planetary gear set 830, a third planetary gear 
set 840, and fourth planetary gear set 850. 
[01 66] The planetary gear set 820 includes a sun gear 
member 822, a ring gear member 824, and a planet car- 
rier assembly member 826. The planet carrier assembly 
member 826 includes a plurality of intermeshing pinion 
gears 827, 828 rotatably mounted on a carrier member 
829 and disposed in meshing relationship with the ring 
gear member 824 and the sun gear member 822, re- 
spectively. 

[0167] The planetary gear set 830 includes a sun gear 
member 832, a ring gear member 834, and a planet car- 
rier assembly member 836. The planet carrier assembly 
member 836 includes a plurality of pinion gears 837 ro- 
tatably mounted on a carrier member 839 and disposed 
in meshing relationship with both the sun gear member 
832 and the ring gear member 834. 



[01 68] The planetary gear set 840 includes a sun gear 
member 842, a ring gear member 844, and a planet car- 
rier assembly member 846. The planet carrier assembly 
member 846 includes a plurality of pinion gears 847 ro- 
tatably mounted on a carrier member 849 and disposed 
in meshing relationship with both the sun gear member 
842 and the ring gear member 844. 
[0169] The planetary gear set 850 includes a sun gear 
member 852, a ring gear member 854, and a planet car- 
rier assembly member 856. The planet carrier assembly 
member 856 includes a plurality of pinion gears 857 ro- 
tatably mounted on a carrier member 859 and disposed 
in meshing relationship with both the sun gear member 
852 and the ring gear member 854. 
[0170] As a result of the dual clutch arrangement of 
the invention, the four planetary gear sets 820, 830, 840 
and 850 are divided into first and second transmission 
subsets 860, 861 which are alternatively engaged to 
provide odd number and even number speed ranges, 
respectively. Transmission subset 860 includes plane- 
tary gear sets 820 and 830, and transmission subset 
861 includes planetary gear sets 840 and 850. The out- 
put shaft 1 9 is continuously connected with members of 
both subsets 860 and 861 . 

[01 71 ] As mentioned above, the first and second input 
clutches 862, 863 are alternatively engaged for trans- 
mitting power from the input shaft 17 to transmission 
subset 860 or transmission subset 861 . The first and 
second input clutches 862, 863 are controlled electron- 
ically, and the disengaged input clutch is gradually en- 
gaged while the engaged input clutch is gradually dis- 
engaged to facilitate transfer of power from one trans- 
mission subset to another. In this manner, shift quality 
is maintained, as in an automatic transmission, while 
providing better fuel economy because no torque con- 
verter is required, and hydraulics associated with "wet" 
clutching are eliminated. AH speed ratio selection is 
preselected within the transmission subsets 860, 861 
prior to engaging the respective input clutches 862, 863. 
The preselection is achieved by means of electronically 
controlled synchronizers. As shown, the planetary gear 
arrangement includes seven torque transmitting mech- 
anisms 864, 865, 867, 868, 869, 870 and 871. The 
torque transmitting mechanisms 864 and 865 comprise 
braking synchronizers, and the torque transmitting 
mechanisms 867, 868, 869, 870 and 871 comprise ro- 
tating synchronizers. 

[0172] Accordingly, the input shaft 17 is alternately 
connected with the first and second transmission sub- 
sets 860, 861 (i.e. through the clutch 862 to synchroniz- 
ers 867, 868 and through the clutch 863 to the sun gear 
member 842). The sun gear member 822 is continuous- 
ly connected with the ring gear member 834 through the 
interconnecting member 872. The planet carrier assem- 
bly member 826 is continuously connected with the sun 
gear member 832 through the interconnecting member 
874. The planet carrier assembly member 846 is con- 
tinuously connected with the planet carrier assembly 
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member 836 and the output shaft 1 9 through the inter- 
connecting member 876. The planet carrier assembly 
member 856 is continuously connected with the trans- 
mission housing 880. 

[0173] The ring gear member 824 is selectively con- 
nectable with the transmission housing 880 through the 
braking synchronizer 864. The ring gear member 834 is 
selectively connectable with the transmission housing 
880 through the braking synchronizer 865. The ring gear 
member 824 is selectively connectable with the input 
shaft 17 through the input clutch 862 and the rotating 
synchronizer 867. The sun gear member 832 is selec- 
tively connectable with the input shaft 17 through the 
input clutch 862 and the rotating synchronizer 868. The 
ring gear member 844 is selectively connectable with 
the ring gear member 854 through the rotating synchro- 
nizer 869. The ring gear member 844 is selectively con- 
nectable with the sun gear member 852 through the ro- 
tating synchronizer 870. The planet carrier assembly 
member 846 is selectively connectable with the ring 
gear member 854 through the rotating synchronizer 
871. 

[0174] As shown In Figure 9b, and in particular the 
truth table disclosed therein, the input clutches and 
torque transmitting mechanisms are selectively en- 
gaged in combinations of three to provide five forward 
speed ratios and a reverse speed ratio. A sample of nu- 
merical values for the individual ratios is also given in 
the truth table of Figure 9b. These numerical values 
have been calculated using the ring gear/sun geartooth 
ratios also given by way of example in Figure 9b. The 
R1/S1 value is the tooth ratio of the planetary gear set 
820; the F12/S2 value is the tooth ratio of planetary gear 
set 830; the R3/S3 value is the tooth ratio of the plane- 
tary gear set 840; and the R4/S4 value is the tooth ratio 
of the planetary gear set 850. Figure 9b also describes 
the ratio steps between adjacent forward ratios and be- 
tween the reverse and first forward ratio. For example, 
the ratio step between the first and second forward ra- 
tios is 1.68. 

[0175] Those skilled in the art will recognize that the 
numerical values of the reverse and fourth forward 
speed ratios are determined utilizing the ring gear/sun 
gear tooth ratios of the planetary gear sets 820, 830. 
The numerical value of the first forward speed ratio is 
determined utilizing the ring gear/sun gear tooth ratios 
of the planetary gear sets 840, 850. The numerical value 
of the second forward speed ratio is determined utilizing 
the ring gear/sun geartooth ratio of the planetary gear 
set 830. The numerical value of the third forward speed 
ratio is determined utilizing the ring gear/sun geartooth 
ratio of the planetary gear set 840. The numerical value 
of the fifth forward speed ratio is 1 . 
[0176] While the best modes for carrying out the in- 
vention have been described in detail, those familiar 
with the art to which this invention relates will recognize 
various alternative designs and embodiments for prac- 
ticing the invention within the scope of the appended 



claims. 



Claims 

5 

1 . A multi-speed transmission comprising: 

an input shaft; 
an output shaft; 
10 first, second, third and fourth planetary gear 

sets each having first, second and third mem- 
bers; 

a first interconnecting member continuously in- 
terconnecting said first member of said first 

is planetary gear set with said first member of said 

second planetary gear; 
a second interconnecting member continuous- 
ly interconnecting said second member of said 
first planetary gear set with said second mem- 

20 ber of said second planetary gear set; 

a third interconnecting member continuously 
interconnecting a member of said first or sec- 
ond planetary gear set with said first member 
of said third planetary gear set and said output 

25 shaft; 

said first member of said fourth planetary gear 
set being continuously connected with a sta- 
tionary member; 

a first input clutch connected with said input 
30 shaft; 

a second input clutch selectively inter- 
connecting said input shaft with said second 
member of said third planetary gear set; 
first and second torque-transmitting mecha- 
35 nisms selectively interconnecting members of 

said first and second planetary gear sets with 
said first input clutch; 

third, fourth and fifth torque-transmitting mech- 
anisms selectively interconnecting members of 
40 said third planetary gear set with said second 

and third members of said fourth planetary gear 
set; 

sixth and seventh torque-transmitting mecha- 
nisms selectively interconnecting members of 

45 said first or second planetary gear set that are 

not continuously connected with said output 
shaft, with said stationary member; and 
an eighth torque-transmitting mechanism se- 
lectively interconnecting a member of said first 

50 or second planetary gear set with another 

member of said first or second gear set, with 
said first input clutch, or with said stationary 
member; and 

said input clutches and torque-transmitting 
55 mechanisms being engaged in combinations of 

at least three to provide at least six forward 
speed ratios and a reverse speed ratio. 
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2. The transmission defined in claim 1 , wherein said 
eight torque-transmitting mechanisms comprise 
synchronizers. 

3. The transmission defined in claim 1 , wherein said 
first, second, third, fourth, fifth and eighth torque- 
transmitting mechanisms comprise rotating syn- 
chronizers, and said sixth and seventh torque- 
transmitting mechanisms comprise braking syn- 
chronizers. 

4. The transmission defined in claim 1 , wherein said 
first, second, third, fourth and fifth torque-transmit- 
ting mechanisms comprise rotating synchronizers, 
and said sixth, seventh and eighth torque-transmit- 
ting mechanisms comprise braking synchronizers. 

5. The transmission defined in claim 1 , wherein said 
first input clutch is applied for odd number speed 
ranges and said second input clutch is applied for 
even number speed ranges. 

6. The transmission defined in claim 1, wherein said 
first input clutch is applied for even number speed 
ranges and said second input clutch is applied for 
odd number speed ranges. 

7. The transmission defined in claim 1, wherein said 
first input clutch and said second input clutch are 
interchangeable to shift from odd number speed 
ranges to even number speed ranges, and vice ver- 
sa. 

8. The transmission defined in claim 1 , wherein select- 
ed ones of said eight torque-transmitting mecha- 
nisms are engaged prior to gear shifting to achieve 
shifting without torque interruptions. 

9. The transmission defined in claim 1, wherein at 
least two of said synchronizers comprise a double 
synchronizer to reduce cost and package size. 

10. A multi-speed transmission comprising: 

an input shaft; 
an output shaft; 

first, second, third and fourth planetary gear 
sets each having first, second and third mem- 
bers; 

a first interconnecting member continuously in- 
terconnecting said first member of said first 
planetary gear set with said f i rst member of said 
second planetary gear; 

a second interconnecting member continuous- 
ly interconnecting said second member of said 
first planetary gear set with said second mem- 
ber of said second planetary gear set; 
a third interconnecting member continuously 



interconnecting a member of said first or sec- 
ond planetary gear set with said first member 
of said third planetary gear set and said output 
shaft; 

5 said first member of said fourth planetary gear 

set being continuously connected with a sta- 
tionary member; 

a first input clutch connected with said input 
shaft; 

10 a second input clutch selectively interconnect- 

ing said input shaft with said second member 
of said third planetary gear set; and 
eight torque-transmitting mechanisms for se- 
lectively interconnecting said members of said 

15 first, second, third or fourth planetary gear sets 

with said first or second input clutches, said out- 
put shaft, said first, second or third intercon- 
necting member, said stationary member or 
with othermembers of said planetary gear sets, 

20 said input clutches and eight torque-transmit- 

ting mechanisms being engaged in combina- 
tions of at least three to establish at least six 
forward speed ratios and a reverse speed ratio 
between said input shaft and said output shaft. 

25 

11. The transmission defined in claim 10, wherein first 
and second torque-transmitting mechanisms are 
selectively operable for interconnecting members 
of said first or second planetary gear sets with said 

30 first input clutch. 

1 2. The transmission defined in claim 1 0, wherein third, 
fourth and fifth of said eight torque-transmitting 
mechanisms are selectively operable for intercon- 

35 necting members of said third planetary gear set 
with said second and third members of said fourth 
planetary gear set. 

13. The transmission defined in claim 10, wherein sixth 
40 and seventh and of said eight torque-transmitting 

mechanisms are operable for selectively intercon- 
necting members of said first or second planetary 
gear set, that are not continuously connected with 
said output shaft, with said stationary member. 

45 

14. The transmission defined in claim 10, wherein an 
eighth of said eight torque-transmitting mecha- 
nisms is operable for selectively interconnecting a 
member of said first or second planetary gear set 

50 with another member of said first or second plane- 
tary gear set, with said first input clutch, or with said 
stationary member. 

1 5. The transmission defined in claim 1 0, wherein plan- 
55 et carrier assembly members of a plurality of said 

planetary gear sets are of the single pinion type. 

16. The transmission defined in claim 10, wherein plan- 



37 



EP 1 435 477 A2 



38 



et carrier assembly members of a plurality of said 
planetary gear sets are of the double pinion type. 

17. The transmission defined In claim 10, wherein each 
of said eight torque-transmitting mechanisms com- 5 
prises a synchronizer. 

18. The transmission defined in claim 1 0, wherein said 
first input clutch is applied for odd number speed 
ranges and said second input clutch is applied for 10 
even number speed ranges. 



19. The transmission defined in claim 10, wherein said 
first input clutch is applied for even number speed 
ranges and said second input clutch is applied for 
odd number speed ranges. 

20. The transmission defined in claim 1 0, wherein se- 
lected ones of said eight torque-transmitting mech- 
anisms are engaged priorto gear shifting to achieve 
shifting without torque interruptions. 

21. A multi-speed transmission comprising: 

an input shaft; 
an output shaft; 

first, second, third and fourth planetary gear 
sets each having first, second and third mem- 
bers; 

a first interconnecting member continuously in- 
terconnecting said first member of said first 
planetary gear set with said first member of said 
second planetary gear; 

a second interconnecting member continuous- 
ly interconnecting said second member of said 
first planetary gear set with said second mem- 
ber of said second planetary gear set; 
a third interconnecting member continuously 
interconnecting a member of said first or sec- 
ond planetary gear set with said first member 
of said third planetary gear set and said output 
shaft; 

said first member of said fourth planetary gear 
set being continuously connected with a sta- 
tionary member; 

a first and second torque-transmitting mecha- 
nism selectively interconnecting members of 
said first or second planetary gear set with said 
input shaft and, therefore, functioning as first 
and second input clutches; 
a third input clutch selectively interconnecting 
said input shaft with said second member of 
said third planetary gear set; 
third, fourth and fifth torque-transmitting mech- 
anisms selectively interconnecting members of 
said third planetary gear set with second and 
third members of said fourth planetary gear set; 
sixth and seventh torque-transmitting mecha- 



nisms selectively interconnecting members of 
said first or second planetary gear set, that are 
not continuously connected with said output 
shaft, with said stationary member; 
an eighth torque-transmitting mechanism se- 
lectively interconnecting a member of said first 
or second planetary gear set with another 
member of said first or second planetary gear 
set; 

said input clutches and torque-transmitting 
mechanisms being engaged in combinations of 
at least three to provide at least six forward 
speed ratios and a reverse speed ratio. 

15 22. The transmission defined in claim 21 , wherein said 
third, fourth, fifth, sixth, seventh and eighth torque- 
transmitting mechanisms comprise synchronizers. 

23. The transmission defined in claim 21 , wherein said 
20 first or second input clutch is applied for odd number 

speed ranges and said third input clutch is applied 
for even number speed ranges. 

24. The transmission defined in claim 21 , wherein said 
25 first or second input clutch is applied for even 

number speed ranges and said third input clutch is 
applied for odd number speed ranges. 

25. The transmission defined in claim 21 , wherein said 
30 first or second input clutch and said third input clutch 

are interchangeable to shift from odd numberspeed 
ranges to even numberspeed ranges, and vice ver- 
sa. 

35 26. The transmission defined in claim 21 , wherein se- 
lected ones of said eight torque-transmitting mech- 
anisms are engaged priorto gear shifting to achieve 
shifting without torque interruptions. 

40 27. The transmission defined in claim 21, wherein at 
least two of said synchronizers comprise a double 
synchronizer to reduce cost and package size. 

28. A multi-speed transmission comprising: 

45 

an input shaft; 
an output shaft; 

first, second, third and fourth planetary gear 
sets each having first, second and third mem- 
50 bers; 

a first interconnecting member continuously in- 
terconnecting said first member of said first 
planetary gear set with said first member of said 
second planetary gear set; 
55 a second interconnecting member continuous- 

ly interconnecting said second member of said 
first planetary gear set with said second mem- 
ber of said second planetary gear set; 



so 
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a third interconnecting member continuously 
interconnecting a member of said first or sec- 
ond planetary gear set with said first member 
of said third planetary gear set and said output 
shaft; 5 
said first member of said fourth planetary gear 
set being continuously connected with a sta- 
tionary member; 

a first input clutch connected with said input 
shaft; io 
a second input clutch selectively interconnect- 
ing said input shaft with said second member 
of said third planetary gear set; and 
seven torque-transmitting mechanisms for se- 
lectively interconnecting said members of said 15 
first, second, third or fourth planetary gear sets 
with said first or second input clutches, said out- 
put shaft, said first, second or third intercon- 
necting member, said stationary member or 
with other members of said planetary gear sets, 20 
said seven torque-transmitting mechanisms 
being engaged in combinations of at least three 
to establish at least five forward speed ratios 
and a reverse speed ratio between said input 
shaft and said output shaft. 25 



35. The transmission defined in claim 28, wherein said 
first input clutch is applied for odd number speed 
ranges and said second input clutch is applied for 
even number speed ranges. 

36. The transmission defined in claim 28, wherein said 
first input clutch is applied for even number speed 
ranges and said second input clutch is applied for 
odd number speed ranges. 

37. The transmission defined in claim 28, wherein se- 
lected ones of said seven torque-transmitting 
mechanisms are engaged prior to gear shifting to 
achieve shifting without torque interruptions. 



29. The transmission defined in claim 28, wherein first 
and second of said seven torque-transmitting 
mechanisms are selectively operable for intercon- 
necting members of said first and second planetary 30 
gear sets with said first input clutch. 



30. The transmission defined in claim 28, wherein third, 
fourth and fifth of said seven torque-transmitting 
mechanisms are selectively operable for intercon- 35 
necting a member of said third planetary gear set 
with said second and third members of said fourth 
planetary gear set. 



31 . The transmission defined in claim 28, wherein sixth *o 
and seventh of said seven torque-transmitting 
mechanisms are operable for selectively intercon- 
necting members of said first and second planetary 
gear set, that are not continuously connected with 
said output shaft, with said stationary member. 45 



32. The transmission defined in claim 28, wherein plan- 
et carrier assembly members of a plurality of said 
planetary gear sets are of the single pinion type. 

33. The transmission defined in claim 28, wherein plan- 
et carrier assembly members of a plurality of said 
planetary gear sets are of the double pinion type. 



34. 



The transmission defined in claim 28, wherein each 55 
of said seven torque-transmitting mechanisms 
comprises a synchronizer. 
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